United States Patent and Trademark Office 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

( MM I » i V 1 1 :V[ S 



APPLICATION NO. | FILING DATE I HRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. 

10/643,748 08/19/2003 JoelD.Oxman 58614US002 4133 

32692 7590 09/19/2011 

3M INNOVATIVE PROPERTIES COMPANY 
PO BOX 33427 
ST. PAUL, MN 55133-3427 



| NOTIFICATION DATE | DELIVERY MODE | 
09/19/2011 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 

following e-mail address(es): 

LegalUSDocketing@mmm.com 



BALLINGER, MICHAEL ROBERT 



PAPER NUMBER 



PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Ex parte JOEL D. OXMAN, NAIMUL KARIM and STEVEN C. KECK 1 



Appeal 2010-002908 
Application 10/643,748 
Technology Center 3700 



Before ROBERT A. CLARKE, CHARLES N. GREENHUT and 
MICHAEL C. ASTORINO, Administrative Patent Judges. 

CLARKE, Administrative Patent Judge. 



DECISION ON APPEAL 



1 The real party in interest is the 3M Innovative Properties Company. 
App. Br. 1. 
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1 STATEMENT OF THE CASE 

2 Joel D. Oxman et al. (Appellants) seek our review under 35 U.S.C. 

3 § 134 of the Examiner's rejection of claims 39 and 42-71 . App. Br. 2. We 

4 have jurisdiction over the appeal pursuant to 35 U.S.C. § 6(b) (2002). 

5 We AFFIRM. 

6 

7 THE INVENTION 

8 Claims 39 and 45 are the only independent claims on appeal. Claim 45, 

9 reproduced below with emphasis added, is illustrative: 

10 45. A method of preparing a dental article, the method 
n comprising: 

12 selecting a dental article form having a self-supporting 

13 structure comprising a first shape that includes a reservoir, 

14 wherein the self-supporting structure is formed from an 

15 organic composition having sufficient malleability to be 

16 formed into a second shape, wherein the organic 

n composition gives the self-supporting structure its self- 

18 supporting and malleable characteristics; 

19 filling the reservoir with one or more hardenable 

20 dental materials; 

21 placing the dental article form filled with one or more 

22 hardenable dental materials on a subject's tooth structure; 

23 at least partially hardening the hardenable material in 

24 the reservoir to form the dental article; 

25 optionally customizing the dental article outside of the 

26 subject's mouth; 

27 cementing the dental article to the subject's tooth 

28 structure; and 

29 removing the dental article form from the dental 

30 article; 
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1 wherein the dental article form is reshaped while in 

2 the subject's mouth after filling the reservoir with the 

3 hardenable dental material. 

4 Claim 39 recites a method of preparing a dental article including, 

5 "removing the dental article form from the article; wherein the dental article 

6 form is reshaped while in the subject's mouth after filling the reservoir with 

7 the hardenable dental material." 

8 REFERENCES 

9 The prior art relied upon by the Examiner in rejecting the claims on 

10 appeal is: 

Neustadter US 3,565,387 Feb. 23, 1971 

Simor US 3,585,723 Jun. 22, 1971 

Kahn US 3,949,476 Apr. 13, 1976 

Ivanov US 4,113,499 Sep. 12, 1978 

Wilson US 5,487,663 Jan. 30, 1996 

Uthoff US 5,102,332 Apr. 7, 1992 



12 REJECTIONS 

13 A. Claims 45, 46, 48-55, 58, 60-66 and 68-71 stand rejected under 35 

14 U.S.C. § 103(a) as being unpatentable over Simor Neustadter and 

15 Wilson. Ans. 4. 

16 B. Claims 39, 42-44, 47, 59 and 67 stand rejected under § 103(a) as 

17 being unpatentable over Simor, Neustadter, Ivanov and Wilson. 

18 (Ans. 3 and 6). 

19 C. Claim 56 stands rejected under § 103(a) as being unpatentable over 

20 Simor, Neustadter, Wilson and Uthoff. (Ans. 6). 
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1 D. Claim 57 stands rejected under § 103(a) as being unpatentable over 

2 Simor, Neustadter, Wilson and Kahn. Id 

3 E. Claims 39 and 42-71 were provisionally rejected on the ground of 

4 nonstatutory obviousness-type double patenting as being 

5 unpatentable over claims 2-15, 17, 19-25, 41, 44, 47-54, 56-60, 79- 

6 80 and 107-134 of Application Number 10/219,398. (Ans. 7). 2 

7 

8 ISSUES 

9 Independent claim 39 recites a method of preparing a dental article 



10 including, "removing the dental article form from the article; wherein the 

n dental article form is reshaped while in the subject's mouth after filling the 

12 reservoir with the hardenable dental material." Independent claim 45 recites 

13 a method of preparing a dental article including "removing the dental article 

14 form from the dental article; wherein the dental article form is reshaped 

15 while in the subject's mouth after filling the reservoir with the hardenable 

16 dental material." This appeal turns on the following issues. 

17 Whether the Examiner's rationale supporting the conclusion that to 

18 add a step of removing the reshaped outer shell while retaining the step of 



2 Since claims on which the provisional double patenting rejection was 
based have now issued {contra App. Br. 18), we do not consider this 
rejection "provisional." As Appellants point out (App. Br. 18), some of the 
claims cited by the Examiner have been cancelled or withdrawn prior to this 
Appeal. Independent claims 47 and 54 of the 10/219,398 application have 
matured into claims 7 and 31 of U.S. Patent 7,674,850 B2 to Karim ("Karim 
'850"). Regarding the issues raised by Appellants in this Appeal, claims 7 
and 31 of Karim '850 are exemplary. 
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1 Simor of reshaping of the outer shell would have been obvious to one having 

2 ordinary skill in the art has rational underpinnings? App. Br. 9, 1 1 . 

3 Whether the Examiner erred in concluding that providing the '398 

4 application's claims with the use of a form that is capable of being filled 

5 would have been obvious to one having ordinary skill in the art? App. Br. 

6 18. 

7 

8 ANALYSIS 

9 Rejections under 35 U.S. C. § 103 

10 A. Rejection of Claims 45, 46, 48-55, 58, 60-66 and 68-71 



n Simor discloses a crown 10 that is reshaped in the patient's mouth to: 

12 (1) bend the lower edge portion of the crown inwardly to provide 

13 a feather edge at the cervix of the crown, providing a smooth 

14 transition from the periphery of the tooth 21 to the exterior of 

15 the crown, with no shoulder or sharp edge. This facilitates the 

16 healing of the gingiva adjacent the tooth 21, and is more 

17 comfortable to the patient 

18 

19 (col. 6, 11. 55-66) and (2) alter the occlusal surface by the opposing teeth "so 

20 that a properly mating contour is produced" (col. 8, 11. 66-71). 

21 The Examiner found that Wilson teaches that it is known to use a 



22 crown form as part of the final crown as taught by Simor, or in the 

23 alternative to remove the form, and concluded that to remove the form or 

24 outer shell of Simor would have been obvious to one having ordinary skill in 

25 order to make use of known alternatives in the art to obtain the desired final 

26 dental article. Ans. 5. 

27 Appellants argue that Simor teaches to reshape a crown per se and that 

28 Simor does not teach using a crown form or to reshape a crown form. App. 
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1 Br. 9. We agree. Appellants also argue that Wilson teaches to reshape a 

2 dental article after removal of a crown form. App. Br. 11, Reply. Br. 3. We 

3 agree. 

4 The reshaping of the outer surface of the shell of Simor is disclosed to 

5 form a crown that facilitates healing and comfort and to provide a properly 

6 mating surface in use. The Examiner proposes that one skilled in the art 

7 would have found it obvious to remove the outer shell while retaining the 

8 reshaping of the outer shell's shape in the mouth of the patient step. Since 

9 Simor teaches that reshaping of its outer shell is to promote healing and 

10 comfort by providing a smooth transition from the outer shell to the tooth 

1 1 surface and proper mating between the outer shell and the opposing teeth, it 

12 is unclear what the rational basis is to retain the reshaping of the outer 

13 surface of the crown steps of Simor while removing the outer shell including 

14 its reshaped outer surface. 

15 Wilson was relied upon merely to teach that retaining or removing an 

16 outer shell were alternatives, and does not provide a basis for retaining the 

17 reshaping step. The Examiner does not rely on Neustadter for any teaching 

18 that would make up for the deficiency in Simor and Wilson discussed above. 

19 Accordingly we find that the Examiner has not articulated a reasonable basis 

20 with rational underpinnings as to how the Simor, Wilson and Nestradter 

21 references could be combined to render the claimed subject matter prima 

22 facie obvious. See KSR Int'l Co. v. Tele/lex Inc., 550 U.S. 398, 4 1 8 (2007). 

23 Therefore, we are constrained to reverse the rejection of claims 45, 46, 48- 

24 55, 58, 60-66 and 68-71 under 35 U.S.C. § 103(a). 

25 

26 B. Rejection of Claims 39, 42-44, 47, 59 and 67 
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1 Turning to the rejection of claims 39, 42-44, 47, 59 and 67 under 

2 § 103, the Examiner finds Ivanov teaches using a surfactant. Ans 3. The 

3 Examiner's finding does not remedy the deficiency as pointed out in 

4 connection with rejection of claim 45. Therefore, we also do not sustain the 

5 rejection of claims 39, 42-44, 47, 59 and 67 as being unpatentable over 

6 Simor in view of Neustadter, Ivanov and Wilson. 

7 

8 C. Rejection of Claim 56 

9 Turning to the rejection of claim 56 under § 103(a), the Examiner 

10 finds Uthoff teaches using a package 2. Ans. 6. The Examiner's finding 
n does not remedy the deficiency as pointed out in connection with the 

12 rejection of claim 45. Therefore, we also do not sustain the rejection of 

13 claim 56 as being unpatentable over Simor in view of Neustadter, Wilson 

14 and Uthoff. 

15 

16 D. Rejection of Claim 57 

17 Turning to the rejection of claim 57 under § 103(a), the Examiner 

18 finds Khan teaches using a handle removed from the base. Ans. 6. The 

19 Examiner's finding does not remedy the deficiency as pointed out in 

20 connection with the rejection of claim 45. Therefore, we also do not sustain 

21 the rejection of claim 57 as being unpatentable over Simor in view of 

22 Neustadter, Wilson and Kahn. 

23 

24 Rejection on the ground of Nonstatutory Obviousness Type Double 

25 Patenting 
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1 E. Rejection of Claims 39 and 42-71 under Nonstatutory Obviousness- 

2 Type Double Patenting Rejection 

3 The Examiner found that the claims of Karim '850 and Karim '423 

4 teach using an organic composition that is self-supporting and malleable. 

5 The Examiner also found that Neustadter teaches to use a form that is 

6 capable of being filled. The Examiner concluded that it would have been 

7 obvious to one having ordinary skill in the art to modify the claims of Karim 

8 '850 and Karim '423 to include a form as shown by Neustadter in order to 

9 obtain the desired size and shape. The Examiner further found that 

10 including a reservoir, selecting of a specific material, use of a handle and 

1 1 shaping in the mouth would have been obvious to one of ordinary skill in the 

12 art in order to supply the needed filling material, as a routine matter of 

13 choice, to better manipulate the form and in view of the well-known shaping 

14 to make adjustments to reconstructive work in the mouth. Ans. 7. 

15 Appellants argue that application '398 is pending and that each of the 

16 independent claims under consideration in that application recite, inter alia, 

17 a composition in the form of a hardenable self-supporting structure having a 

18 first shape and sufficient malleability to be formed into a second shape. 

19 App. Br. 18. Initially we note there is nothing intrinsically wrong with 

20 relying on claims directed to a composition to support a double-patenting 

21 rejection of a claim directed to the method of use of that composition. See 

22 e.g., Geneva Pharmaceuticals v. Glaxo SmithKline, 349 F. 3d 1373, 1385-86 

23 (Fed. Cir. 2003). 

24 Appellants also argue that Neustadter teaches the use of materials that 

25 may or may not be malleable and that it shows a form that requires a 

26 physical means to change shape. App. Br. 18, 19. However, "[n]on- 
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1 obviousness cannot be established by attacking references individually 

2 where the rejection is based upon the teachings of a combination of 

3 references." In re Merck & Co., 800 F.2d 1091, 1097 (Fed. Cir. 1986). 

4 Since the Examiner relied upon claims 7 and 3 1 of Karim '850 for the user 

5 of a malleable, self-supporting structure, and not Neustadter, Appellants 

6 arguments are not persuasive. Lastly, any arguments not presented are 

7 waived. See Ex parte Borden, 93 USPQ2d 1473, 1474 (BPAI 2010) 

8 (informative). 

9 For the foregoing reasons, Appellants have not persuaded us of error 

10 in the rejection of claims 39 and 42-71 on the ground of obviousness-type 
n double patenting. 

12 

13 CONCLUSION 

14 The Examiner's rationale supporting the conclusion that to add a step 

15 of removing the reshaped outer shell while retaining the step of Simor of 

16 reshaping the outer shell would have been obvious to one having ordinary 

17 skill in the art does not have rational underpinnings. We do not sustain the 
is rejection of (A) Claims 45, 46, 48-55, 58, 60-66 and 68-71 under § 103(a) as 

19 being unpatentable over Simor in view of Neustadter, and Wilson; (B) 

20 Claims 39, 42-44, 47, 59 and 67 under § 103(a) as being unpatentable over 

21 Simor in view of Neustadter, Ivanov and Wilson; (C) Claim 56 under 

22 § 103(a) as being unpatentable over Simor in view of Neustadter, Wilson 

23 and Uthoff; and (D) Claim 57 under § 103(a) as being unpatentable over 

24 Simor in view of Neustadter, Wilson and Kahn. 

25 The Examiner did not err in rejecting claims 39 and 42-7 1 on the 

26 ground of nonstatutory obviousness-type double patenting as being 



10 



Appeal 2010-002908 
Application 10/643,748 

1 unpatentable over claims 1-64 of Karim '850 and claims 1-26 of Karim '423 

2 in view of Neustadter. We sustain the rejection rejection of claims 39 and 

3 42-71 on the ground of nonstatutory obviousness-type double patenting as 

4 being unpatentable over claims 1-64 of Karim '850 and claims 1-26 of 

5 Karim '423 in view of Neustadter. 

6 

7 DECISION 

8 The Examiner's rejection of claims 39 and 42-71 is affirmed. 

9 

io AFFIRMED 

n 

12 
13 
14 

15 mis 
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This application claims priority to U.S. Provisional Appli- 
cation Ser. No. 60/312,355, filed on Aug. 15, 2001, the 
entirety of which is incorporated herein by reference. 

l 

FIELD OF THE INVENTION 



This invention relates to materials, particularly dental 
materials, and methods of making and using. These materials 
have sufficient internal strength to be formed into a desired 15 
shape that can be maintained during transportation and stor- 
age and with sufficient malleability to be subsequently cus- 
tomized into a second shape and then hardened. These mate- 
rials can be used in a variety of applications, including oral 
prosthetic devices such as inlays, onlays, veneers, temporary 
crowns, permanent crowns, bridges, as well as fillings, orth- 
odontic appliances, tooth facsimiles or splints, and dental 
impression trays. 

BACKGROUND 25 

Restorative dentistry is an important market in today's 
dental industry. In particular, tooth repair w ith temporary and 
permanent crowns is a common procedure, typically requir- 3Q 
ing multiple dental appointments. Current technology uses 
pastes, two-part powder/liquid systems, preformed metal 
temporary crowns, and ceramic or porcelain/metal permanent 

Currently available polymerizable resins are typically free 35 
radically polymerizable monomers (e.g., acrylates, meth- 
acrylates, and acrylamides). These are used together with 



as tertiary amines, and oxidizing agents, such as peroxides, as 
accelerators or activators lor live radical polymerization and 4() 
control of the rate of polymerization. 

A typical procedure for making a provisional (i.e., tempo- 
rary) dental restorative involves the following steps. Initially, 
an alginate impression is taken before preparing the teeth. 
The impression is rinsed, set aside, and wrapped in a moist 45 
paper low el . The teeth are then prepared and the correct shade 
of acry lic pow der is selected to match the natural teeth. An 
acrylic liquid resin and the acrylic polymeric powder, one of 
which includes a reducing agent and the other of which 
includes an oxidizing agent, are mixed together and placed in 50 
the impression. The impression is placed aside until the com- 
position thickens and forms a dull appearance (approximately 
45-60 seconds). Meanwhile, the prepared teeth and surround- 
ing tissue are coated with a petroleum jelly, w hich ensures 
easy removal of the acrylic temporary from the preparation 55 
and protects the teeth and tissue from irritation by the acrylic 
mixture. The impression w ith the acrylic mixture is seated in 
the mouth and held in place for a sufficient time to allow it to 
harden to a removable state. The acrylic material is removed 
from the impression and gross excess acrylic is trimmed. The fin 
acrylic material is placed in and out of the mouth while the 
acrylic material is in a rubbery state. The acrylic material is 
removed from the mouth and set aside until the acrylic is fully 
cured. The fit of the acrylic restorative is checked and adapted 
to fit, if necessary. Excess acrylic is trimmed with an acrylic 65 
bur or stone and polished to a smooth finish. The acrylic 
temporary is then cemented into place. 



It would be desirable to eliminate the initial mixing of the 
liquid resin and the polymeric powder and thereby create such 
prosthetic devices more efficiently. It would also be desirable 
to eliminate the impression-taking slop I )ental waxes, com- 
monly used for taking impressions in the mouth, exhibit many 
desirable properties for creating devices that are customized 
to a patient's mouth. These properties include malleability, 
low memory, sufficient strength to be self-supporting, and the 
thermal and rheological properties shown in FIG. 1. These 
wax (e.g., paraffin) materials typically have melting points 
near 55° C, with si i lien ing transitions near 40° C. Elastic and 
viscous moduli G' and G" are approximately 10 6 Pascals (Pa) 
at 25° C, sufficiently low to be easily deformed without being 
tacky. Although these materials exhibit desirable properties 
for creating devices customized to fit a patient's mouth, they 
tire not hardenable (e.g.. through polymerization), nor do they 
possess desirable properties such as compressive strength and 
wear resistance. As a result, these materials are not suitable 
for dental prosthetic applications. 

U.S. Pat. No. 6,057,383 (Volkel et al.) discloses a dental 
material based on polymerizable waxes, wherein the materi- 
als are malleable and curable; however, they are based on 
little or no filler, typically 0-60% by weight, and high 
amounts of waxes, typically more than 20% by weight. As 
such, these materials have generally poor mechanical prop- 
erties, such as flexural strength and wear resistance. Other 
thermoplastic molding compounds have been prepared, but 
these are typically highly viscous above their melting point 
(T m ), and somewhat elastic below T m due to the high molecu- 
lar weight of the included polymer. Moreover, these compo- 
sitions must typically be warmed significantly above room 
temperature before becoming malleable. 

It would be desirable to have highly filled materials that can 
be preformed into a desirable shape yet be sufficiently mal- 
leable, particularly at room temperature or body temperature, 
to form a custom-shaped device. 

BRU T DESCRIPTION Of TI Hi DRAWINGS 



FIG. 1. Rheological response of dental w 
Wax All-Season Wl Pink, Patterson Dental Supply, St. Paul, 
Minn.). Solid symbols represent elastic modulus G', while 
open symbols represent viscous modulus G". 

FIG. 2. Rheology of Comparative Example 1 (squares) and 
Example 1 (circles). Solid symbols represent G', while open 
symbols represent G". 

SUMMARY 

The present invention provides a composition that includes 
a resin system, a filler system, and an initiator system. The 
composition is in the form of a hardenable. sell-supporting 
(i.e., free-standing! structure having a first shape. The self- 
supporting structure has sufficient malleability to be 
reformed into a second shape, thereby providing for simpli- 
fied customization of a device, e.g., simplified customized 
fitting of a dental prosthetic device. Once reformed into a 
second shape, the composition can be hardened using, for 
example, a free radical curing mechanism under standard 
photopolymerization conditions to form a hardened compo- 
sition w ith imprcw ed mechanical properties. Significantly, for 
the compositions of the present invention upon hardening the 
structure in the second shape, the hardened structure does not 
need an additional veneering material. 

Herein, the "resin system" can include one or more resins, 
each of which can include one or more monomers, oligomers, 
and/or polymerizable polymers. 
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Hie term "self-supporting" means thai the composition is 
diinensionally stable and will maintain its shape (e.g.. pre- 
formed shape of a crow n > vv ilhoul significant deformation al 
room temperature (i.e., about 20° C. to about 25° C.) for at 
least about two weeks when free-standing (i.e., without the 5 
support of packaging or a container I. Preferably, the compo- 
sitions of the present invention are dimensionally stable at 
room temperature for at least about one month, and more 
preferably, for at least about six mi inths. Preferably, the com- 
positions of the present invention are dimensionally stable at in 
temperatures above room temperature, more preferably up to 
about 40° C, even more prelerably up to about 50° C., and 
even more preferably up to about 60° C. This definition 
applies in the absence of conditions that activate the initiator 
system and in the absence of an external force other than 15 
gravity. 

The term "siilticienl malleability"" means that the self-sup- 
porting structure is capable of being custom shaped and fitted, 
for example, to a patient's mouth, under a moderate force 
(i.e., a force that ranges from light finger pressure to that 20 
applied with manual operation of a small hand tool, such as a 
denial composite instrument). 

The unique combination of highly malleable properties 
(preferably without heating abo\e room temperature or body 
temperature) before hardening (e.g.. cute) and high strength 25 
(preferably, a fiexural strength of at least about 25 MPa) after 
hardening provides a composition with numerous potential 
applications. These applications include, but are not limited 
to, dental restoratives and dental prostheses, including, but 
not limited to, temporary, intermediate, and permanent 30 
crowns and bridges, inlays, onlays, veneers, implants, den- 



es, and artificial u 
orthodontic applianc 



well as dental impression trays, 
night guards), tooth 
prosthesis, and other cus- 

als (particularly packable 



can also be used as filling 
materials), for example. 

A preferred embodiment of the invention is a composition 
that includes a resin system including a crystalline compo- 
nent, greater than 60 percent by weight (wt-%) of a filler 40 
system (preferably, greater than 70 wt-% of a filler system), 
and an initiator system, wherein the composition is in the 
form of a hardenable self-supporting structure having a first 
shape. The self-supporting structure has sufficient malleabil- 
ity to be formed into a second shape, preferably at a tempera- 45 
ture of about 15° C. to 38° C. (more preferably, about 20° C. 
to 38° ('., which encompasses typical room temperatures and 
body temperatures, and most preferably, at room tempera- 
lure). Advantageously, the compositions of the present in\ en- 
tion do not need to be heated above body temperature (or 50 
preferably, even about room temperature) to become mal- 

Typically and preferably, at least a portion of the filler 
system comprises particulate tiller. Prelerably. in this and 
various other embodiments, if the filler system includes 55 
fibers, the fibers are present in an amount of less than 20 
wt-%, based on the total weight of the composition. 

The crystalline component provides a morphology that 
assists in maintaining the self-supporting first shape. This 
morphology includes a noncovalent structure, which may be 60 
a three-dimensional network (continuous or discontinuous) 
structure. If desired, the crystalline component can include 
one or more reactive groups to provide sites for polymeri/i ng 
and/or crosslinking. If such crystalline components are not 
present or do not include reactiv e groups, such icactive sites 65 
are provided by another resin component, such as an ethyl - 
enically unsaturated component. 



Thus, for certa i n ei n b< id i ments. the resin system preferably 
includes at least one ethylenically unsaturated component. 
Preferred ethylenically unsaturated components are selected 
from the group consisting of mono-, di-, or poly-acrylates and 
methacrylates, unsaturated amides, vinyl compounds (in- 
cluding vinyl oxy compounds), and combinations thereof. 
This ethylenically unsaturated component can be the crystal- 
line component, althi nigh in certain preferred embodiments it 
is noncrystalline. 

The crystalline component can include polyesters, poly- 
ethers, polyolefins, polythioethers, polyarylalkylenes, pol- 
ysilanes, polyamides, polyurethanes, or combinations 
thereof. Preferably, the crystalline component includes satu- 
rated, linear, aliphatic polyester polyols containing primary 
hydroxyl end groups. The crystalline component can option- 
ally have a dendritic, hyperbranched, or star-shaped structure, 
for example. 

The crystalline component can optionally be a polymeric 
material (i.e., a material having two or more repeat units, 
thereby including oligomeric materials) having crystallizable 
pendant moieties and the follow ing general formula: 



-(CH 2 — CR) m — 

X (CH 2 )„— CH 3 



wherein R is hydrogen or a ((.',-(. 4 )alkvl group. X is 
— CH 2 — , — C(0)0— , — O— C(O)— , — C(O) — NH — , 
— HN — C(O) — , — O— , — NH— , — O— C(0)— NH— , 
— HN— C(O)— O— , — HN— C(O)— NH— , or 
— Si(CH 3 ) 2 — , m is the number of repeating units in the 
polymer (preferably, 2 or more), and n is great enough to 
provide sufficient side chain length and conformation to form 
polymers containing crystalline domains or regions. 

Alternative to, or in combination with, the crystalline com- 
ponent, the composition can include a tiller that is capable of 
providing a morphology to the composition that includes a 
noncovalent structure, which may be a three-dimensional 
network (continuous or discontinuous) structure, that assists 
in the maintenance of the first shape. Preferably, such a filler 
has nanoscopic particles, more preferably, the filler is an 
inorganic material having nanoscopic particles. To enhance 
the formation of the noncovalent structure, the inorganic 
material can include surface hydroxyl groups. Most prefer- 
ably, the inorganic material includes fumed silica. 

Furthermore, the use of one or more surfactants can also 
enhance the formation of such a noncovalent structure. A 
particularly preferred composition includes, in addition to a 
resin system and an initiator system, either a crystalline com- 
ponent, or a filler system that includes a nanoscopic particu- 
late filler (preferably, both a micron-size particulate filler and 
a nanoscopic particulate filler) and a surfactant system, or 
both a crystalline component and a filler system and surfac- 
tant system. As used herein, a filler system includes one or 
more fillers and a surfactant system includes one or more 
surfactants. 

Thus, anothei embodiment of the invention includes a 
composition that includes a resin system, a filler system at 
least a portion of vv hich is an inorganic material having nano- 
scopic particles with an average primary particle size of no 
greater than about 50 nanometers (rnn), a surfactant system, 
and an initiator system. The composition is in the form of a 
hardenable self-supporting structure having a first shape and 
sufficient malleability to be formed into a second shape, pref- 
erably at a temperature of about 15° C. to 38° C. In such 
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preferred embodiments with a surfactant system and nano- 
scopic particles, the resin s\ stem preferably includes at least 
one ethylenically unsaturated component, and the filler sys- 
tem is present in nn amount of greater than 50 wt-%. 

In a preferred embodiment, a composition of the present : 
invention includes a resin system that includes: a noncrystal- 
line component selected from the group consisting ofmc no-, 
di-, or poly -aery lates and methacrylates, unsaturated amides, 
vinyl compounds, and combinations thereof; and a crystalline 
component selected from the group consisting of polyesters, i 
poly ethers, polyolelins. polythioethers. polyarylalkylenes. 
polysilanes. polyamides. polyurelhunes. polymeric materials 
(including oligomeric materials) having crystallizable pen- 
dant moieties and the following general formula: 



semi-finished shape (as that of a preformed crown). Typically, 
the dental products referred to herein are in a hardenable 
form, but the term can also be used for the final dental product 
in its hardened form. 

Preferred dental products include a preformed crown, a 
preformed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed orthodontic appliance, a pre- 
formed maxillofacial prosthesis, a preformed tooth facsimile, 
or a preformed tooth splint. Alternatively, the dental product 
can be a filling material (such as a packable material). Par- 
ticularly preferred dental products include a preformed crown 
and a preformed bridge, and more preferably, a preformed 



wherein R is hydrogen or a (Cj-CJalkyI group, X is 
— CH 2 — — C(0)0— , — O— C(O)— , — C(O)— NH— , 
— HN— C(O)—, — O— , — NH— , or — O— C(O)— NH— , 
— HN— C(O)— O— , — HN— C(O)— NH— , or 25 

Si(('ll,), . m is the number of repeating units in the 
polymer (preferably, 2 or more), and n is great enough to 
provide siillicient side chain length and conformation to form 
polymers containing crystalline domains or regions, and 
combinations thereof. The composition further includes 
greater than about 60 wt-% of a filler system and an initiator 
system, wherein the composition is in the form of a harden- 
able self-supporting structure having a first shape. The self- 
supporting structure has sufficient malleability to be formed 35 
into a second shape at a temperature of about 1 5° C. to 38° C. 
Preferably, if the filler system includes fibers, the fibers are 
present in an amount of less than 20 wt-%, based on the total 
w eight iif the composition. 

In yet another preferred embodiment, a composition of the 40 
present invention includes a resin system comprising a crys- 
talline compound of the formula: 




wherein each Q independently comprises polyester seg- 
ments, polyamide segments, polyurethane segments, poly- 
ether segments, or combinations thereof; a tiller system: and 60 
an initiator system; w herein the composition is in the form of 
a hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second shape. 

The compositions of the present invention can be in the 
form of a variety of dental products, which can be in rope 65 
form (as for tilling materials 1. globular form, sheet form, or 111 
the form of a preformed article, which is in a complex or 



In one preferred embodiment, the present it 
vides a preformed dental crown that includes a composition 
including a resin system, a filler system, and an initiator 
system, wherein the composition is in the form of a harden- 
able self-supporting structure having a first shape and suffi- 
cient malleability to be formed into a second shape. 

The present invention also provides a dental impression 
tray. A preferred tray includes a resin system, a filler system, 
and an initiator system in the form of a hardenable self- 
supporting structure having a first shape and sufficient mal- 
leability to be fonned into a second shape at a temperature of 
about 15° C. to 38° C. Preferably, the dental impression tray 
includes at least one structured surface. Preferably, the struc- 
tured surface is formed by a porous substrate. Alternatively, 
the structured surface is a microreplicated surface. 

The present invention also provides a method of preparing 
a composition. The method includes combining a resin sys- 
tem, a filler system, and an initiator system to form a mixture; 
and forming the mixture into a hardenable self-supporting 
structure having a first shape; wherein the hardenable self- 
supporting structure having a first shape has sufficient mal- 
leability to be formed into a second shape. 

The present invention also provides a method of preparing 
a dental product. The method includes: providing a compo- 
sition comprising a resin system, a filler system, and an ini- 
tiator system, wherein the composition is in the form of a 
hardenable. self-supporting, malleable structure having a first 
semi-finished shape (e.g., that of a preformed crown or pre- 
formed bridge): forming the self-supporting, malleable struc- 
ture into a second shape; and hardening the self-supporting 
structure having the second shape to form a dental product. 
Preferably, forming the self-supporting, malleable structure 
into a second shape occurs at a temperature of about 1 5° C. to 
38° C. Herein, forming the self-supporting, malleable struc- 
ture into a second shape 1 iccu rs under a force that ranges from 
iigiil finger pressure to that appiied with manual operation of 
a small hand tool, such as a dental composite instrument. 

The present invention also provides a method of preparing 
a dental tray. The method includes: providing a composition 
comprising a resin system, a filler system, and an initiator 
system, w herein the composition is in the form of a harden- 
able. self-supporting, malleable structure has ing a first semi- 
finished shape of a preformed dental tray; forming the self- 
supporting, malleable structure into a second shape custom (it 
to the patient: and hardening the self-supporting structure 
having the second shape to form a dental tray. Preferably, 
forming the self-supporting, malleable structure into a second 
shape occurs a temperature of about 15° C. to38°C. 
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also provides a compound of the 



r 1 




wherein each Q independently comprises polyester seg- 
ments, polyamide segments. pnlyurellwne segments, poly- 
elher segments, or combinations ihereol'. 



The present invention provides a composition that includes 
a resin system, a filler system, and an initiator system in the 
form of a hardenable self-supporting (i.e., free-standing) 
structure having a first shape, prelerabK ihe shape of a dental 
crown. The resin system (one or more resins), filler system 
(one or more fillers), and initiator system (one or more initia- . 
tors) are chosen such that: the composition can be relatively 
easily molded to form the initial self-supporting strnetnre: die- 
self-supporting structure maintains its first shape at room 
temperature for at least about two weeks (in the absence of 
conditions that activate the initiator system and in the absence . 
of an external force other than gra\ ity). and the self-support- 
ing strnetnre has sufficient malleability to be reformed into a 
second shape (preferably at a temperature of about 1 5" ('. to 
38° C, more preferably, at a temperature of about 20° C. to 
38° C, and most preferably, at room temperature). 

The compositions of the present invention are particularly 
well suited for preformed dental products. As used herein, a 
preformed dental product is one that is provided to the dentist 
in the desired semi-finished shape (a first shape), which can 
then be modified (e.g.. molded, adapted, trimmed) for fit in a L 
patient (a second shape). I lerein. a semi-finished shape of a 
preformed article is the facsimile of what the final shaped 
article is to be. and is not the shape of a rope, globule, or sheet, 
fins is described in greater detail below. Typically, this means 
that the compositions of the present invention have been , 
formed into a shape, preferably using a mold w ith a positive 
and negative impression, and the resultant shaped material 
released from the shaping de\ ice. preferably a mold. \\ ithout 
significant deformation. 

Although the compositions of the present invention are « 
particularly useful for preformed crowns and other preformed 
dental products ha\ ing a complex shape, they can be used as 
materials forpreparing fillings, etc. The requirements for the 
latter are less stringent when it comes to molding, removal 
from a mold, packaging, transportation, and the like, than is , 
required for preformed crowns or other preformed dental 
articles of a complex shape, typically because filling materi- 
als are provided to the dentist in a rope form. 

Generally, hardenable self-suppi irting compositions of the 
present invention have rheological properties similar to < 
waxes below the waxes' melting points in that they can be 
relatively easily deformed (i.e.. they are malleable) and 



exhibit low elastic recovery. However, the compositions of 
the present invention are not free-flowing fluids (i.e., liquids) 
above their softening points. That is. the compositions of the 
present invention display appreciable mass flow under mod- 
erate (e.g., hand) pressure, but not liquid flow above their 
softening points. 

Typically, elastic and viscous dynamic moduli of harden- 
able compositions ol die present invention vary over a wide 
range. Furthermore, the hardenable compositions are typi- 
cally largely free from tack. Preferably, the elastic dynamic 
modulus (i.e.. elastic modulus) G' is at least about 100 kilo- 
pascals (kl'a). more preferably, at least about 200 kl'a. and 
most preferably, at least about 1000 kPa, at a frequency of 
about 0.005 Hz. Preferably, the elastic modulus G' is no 
greater than about 50,000 kPa, more preferably, no greater 
than about 10,000 kPa, and most preferably, no greater than 
about 5000 kPa, at a frequency of about 0.005 Hz. Preferably, 
the \ iscous dynamic modulus (i.e.. \ iscous modulus) Ci" is at 
least about 50 kPa, more preferably, at least about 200 kPa, 
and most preferably, at least about 1 000 kPa, at a frequency of 
about 0.005 Hz. Preferably, the viscous modulus G" is no 
greater than about 50,000 kPa, more preferably, no greater 
than about 10,000 kPa, and most preferably, no greater than 
about 5000 kPa, at a frequency of about 0.005 Hz. 

The desired self-supporting (i.e., free-standing) structure 
of hardenable compositions of the present invention can be 
maintained by creating a morphology that includes a nonco- 
\alent structure, w Inch may be a three-dimensional network 
(continuous or discontinuous) structure. This can result from 
the use of a crystalline component in the resin system, or the 
use of one or more fillers, typically aided by one or more 
surfactants, or the use of both a crystalline component and 
one or more fillers optionally combined with one or more 
surfactants. These components are discussed in more detail 

With the appropriate initiator system, e.g., a free radical 
photoinitiator. hardenable compositions of the present inven- 
tion can be hardened (e.g., cured) to form the desired product. 
Preferably, the resultant hardened composition (i.e., the hard- 
ened structure) has a llexural strength of at least about 25 
megapascals (MPa). more preferably, at least about 40 MPa, 
even more preferably, at least about 50 MPa, and most pref- 
erably, at least about 60 MPa. 

for certain applications (e.g.. crowns), the resultant hard- 
ened composition is an enamel-like solid, preferably hav ing a 
compressive strength of at least about 100 MPa. For other 
applications, such as dental impression trays, materials with 
lower compressive strengths can be used. 

For certain applications (e.g., crowns), the resultant hard- 
ened composition is an enamel-like so/lid. preferably ha\ ing a 
diametral tensile strength ol at least about 20 MPa. For other 
applications, such as dental impression trays, materials with 
lower diametral tensile strengths can be used. 

For certain applications (e.g.. crow ns), the resultant hard- 
ened composition is an enamel- like solid, preferably ha\ ing a 
flexural modulus of at least about 1 000 MPa. For other appli- 
cations, such as dental impression trays, materials with lower 
llexural modulus can be used. 

Resin System 

Hardenable compositions of the present invention include 
a resin system. The resin system includes one or more hard- 
enable organic resins capable of lb rming a hardened material 
having sufficient strength and hydrolytic stability to render 
them suitable for use in the oral environment. 

As used herein, a resin includes one or more monomers, 
oligomers, and/or polymerizable polymers, including combi- 
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nations thereof. Although, in this context oligomers and poly- 
mers are both used, the terms "polymer" and "polymeric" are 
used herein to refer to any materials having 2 or more repeat 
units, thereby encompassing oligomers. Thus, unless other- 
wise speeitied. polymers include oligomers. Furthermore, the 
term polymer is use..! herein to encompass both homopoly- 
mers and copolymers, and the term copolymer is used herein 
to encompass materials with two or more different repeat 
units (e.g.. copolymers, lerpolymers. tetnipolymers). 

A preferred organic resin is hardenable (e.g.. polymeriz- 
able and/or crosslinkable). preferably by a free radical 
mechanism, and includes monomers, oligomers, and/or poly- 
mers. The resin system includes a reaclh e component (i.e., a 
component capable of polymerizing and/or crosslinking), 
which may or may not be crystalline. Resin systems that 
include noncrystalline reactive components may optionally 
include a crystalline component, which may or may not be 

Preferably, at least some of the resin components include 
ethylenic unsaturation and are capable of undergoing addi- 
tion polymerization. A suitable resin preferably includes at 
least one ethylenically unsaturated monomer (i.e., includes at 
least one carbon-carbon double bond). 

Examples of suitable polymerizable resin components 
include: mono-, di-, or poly-(meth)acrylates (including acry- 
lates and mefhacrylates) such as methyl acrylate, methyl 
methacrylate, ethyl acrylate, isopropyl methacrylate, n-hexyl 
acrylate. slearyl acrylate. alM acrylate. glycerol mono- and 
diacrylate, glycerol triacrylate, ethyleneglycol diacrylate, 
diethyleneglycol diacrylate. triethyleneglycol dimethacry- 
late, 1,3 -propanediol diacrylate, 1,3 -propanediol 
dimelhacrylate. trimelhylolpropane triacrylate. 1.2.4-bulan- 
etriol trimethacrylate, 1,4-cyclohexanediol diacrylate, pen- 
taerythritol triacrylate, pentaerythritol tetraacrylate. pen- 
taerythritol tetramethacrylate, sorbitol hexacrylate, bis(l-(2- 
aciy lox\ n-p-elhoxyphenyldimelhylmelhane. bisi l-(3- 
acryloxy-2 -hydroxy ))-p-propoxyphenyldimethylmethane, 
tris(hydroxyethylisocyanurale) tnmethaciy late, 2 -hydroxy - 
ethyl methacrylate, 2-liydroxypropyl methacrylate, tetrahy- 
drofurfuryl methacrylate, eth> I cue glycol dimetliacrylate, tri- 
ethylene glycol dimethacrylate, bisGMA, ethoxylated 
bisphenolA diacrylate, ethoxylated bisphenolA dimethacry- 
late. polyethylene glycol dimethacrylate. the bisacrylates and 
bis-methacrylates of polyethylene glycols of molecular 
weight 200-500, copolymerizable mixtures of acrylated 
monomers such as those of U.S. Pat. No. 4,652,274 (Boet- 
tcheret al.), and acrylated oligomers such as ihoscofl I.S. Pat. 
No. 4,642,126 (Zador et al.); unsaturated amides such as 
(inelh)acrylainides (i.e.. acrylamides and melhacrylamides), 
methylene bis-acrylamide. methylene bis-methacrydamide. 
1,6-hexamethylene bis-acrylamide, diethylene triamine tris- 
acrylamide, and beta-methacrylamidoethyl methacrylate, 
diacetone acrylamide, and diacetone methacrylamide; ure- 
thane (ineth)acrylates: and vinyl compounds such as styrene, 
diallyl phthalate, divinyl succinate, divinyl adipate. and divi- 
nylphthalate. Mixtures of two or more such materials can be 
used if desired in the resin system. 

Preferably, the total amount of the resin system is al least 
about 10 wt-%, more preferably, at least about 13 wt-%. and 
most preferably, at least about 1 5 wt-%, based on the total 
weight of the composition. Preferably, the total amount of the 
resin system is no greater than about 60 wt-%, more prefer- 
ably, no greater than about 50 wt-%, and most preferably, no 
greater than about 40 wt-%, based on the total weight of the 
composition. 

The above-listed components are typically noncrystalline 
(i.e., amorphous). The resin system can also include a crys- 



74,850 B2 

10 

talline component to impart the noncovalent three-dimen- 
sional structure for maintaining the initial preformed shape. 
This crystalline component may or may not ha\e a react i\e 
group capable ol'pok meri/ing (also including crosslinking!. 

5 Preferably, the crystalline component is polymerizable. Pref- 
erably, the crystalline component is polymeric (including 
oligomeric). More preferably, the crystalline component is a 
polymerizable polymeric material. 

By "crystalline" it is meant that the material displays a 

l ( i crystalline melting point at 20° C. or above when measured in 
the composition by differential scanning calorimetry (1 )SC). 
The peak temperature of the observed endotherm is taken as 
the crystalline melting point. The crystalline phase includes 
multiple lattices in which the material assumes a conlbrma- 

15 tion in which there is a highly ordered registry in adjacent 
chemical moieties of which the material is constructed. The 
packing arrangement (short order orientation) w ithin the lat- 
tice is highly regular in both its chemical and geometric 
aspects. 

20 A crystalline component may be in a "semicrystalline 
state" in that long segments of polymer chains appear in both 
amorphous and crystalline slates or phases al 20" ('. or above. 
The amorphous phase is considered to be a randomly tangled 
mass of polymer chains. The X-ray diffraction pattern of an 

25 amorphous polymer is a diffuse halo indicative of no ordering 
of the polymer structure. Amorphous polymers show soften- 
ing behavior at the glass transition temperature, but no true 
melt or first order transition. A material in a semicrystalline 
state shows characteristic melting points, above which the 

30 crystalline lattices become disordered and rapidly lose their 
identity. The X-ray diffraction pattern of such "semicrystal- 
line" materials generally is distinguished by either concentric 
rings or a symmetrical array of spots, which are indicative of 
the nature of the crystalline order. Thus, herein a "crystalline" 

35 component encompasses semicrystalline materials. 

The crystalline component includes at least one material 
thatcrystalli/es. preferably abo\ e room temperature (i.e.. 20 ' 
( '. to 25" ( '. ). Such crxstallinily. that may be pro\ ided by the 
aggregation of crystallizable moieties present in the compo- 

4> ' nenl (e.g.. when the component is a polymer, in the backbone 
(i.e., main chain) or pendant substituents (i.e.. side chains) of 
the component), can be determined by well known crystallo- 
graphic, calorimetric. or dynamic/mechanical methods. For 
the purposes of the present invention, this component imparts 

45 to the resin system at least one melting temperature (T m ) as 
measured experimentally (for example by DSC) of greater 
than about 20° C. Preferably, this component imparts a T m to 
the resin system of about 30° C.-lOO 0 C. If more than one 
crystalline material is used in the crystalline component. 

so more than one distinct melting point may be seen. 

I he number average molecular weight of the crystalline 
component may vary over a broad range. Preferably, the 
molecular weight is less than 10,000 grams per mole fg molj. 
and preferably no greater llian about 5<XX) g. inof Preferably. 

55 the molecular weight is at least about 150 g/mol. and more 
preferably at least about 400 g/mol. At molecular weights less 
than about 150 the crystalline niching point may be too low. 
At molecular wei girts greater than about 10,000 the crystal- 
line melting point may be too high. 

60 The crystalline monomers suitable for use in the resin 
system include monomers containing methane, ether, ester, 
amide, imide groups, or combinations thereof. Preferred 
crystalline monomers contain reactive groups capable of 
polymerizing and/or crosslinking. Especially preferred are 

65 monomers with a reactiv e functionality greater than one. 

The crystalline polymers (including oligomers) suitable 
for use in the resin system can have crystalline main chain 
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(i.e., linear) or pendant (i.e.. side chain) segments. Preferred 
materials also contain reactive groups capable of polymeriz- 
ing and/or crosslinking. Especially preferred are crystalline 
oligomers or prepolymers \\ ilh a reactive functionality ol'al 
least two. 5 

1 Examples of suitable crystalline materials has ing cryslal- 
lizable main chain or backbone segments include, but are not 
liniiled io. polyesters (including polycaprolaclones ). poly- 
ethers, polylhioelhers. polyarylalkylenes. polysilanes. polya- 
mides, poly olefins (preferably, formed from lower, e.g., to 
C 2 -C 3 , olefins), and polyurefhanes. 

Preferred crystalline materials are saturated, linear, ali- 
phatic polyester polyols (particularly diols) containing pri- 
mary hydro xyl end groups. Examples of commercially avail- 
able materials useful as the crystalline component in the resin 1 ^ 
systems of the invention include some resins available under 
the trade designation LEXOREZ from Inolcx Chemical Co.. 
Philadelphia. Pa. Examples of other polyester polyols useful 
in the compositions ol'lhe in\ enlion are those a\ ailable under 
the trade designation RUCOFLEX from Ruco Polymer 20 
Corp., Hicksville, N.Y. Examples of polycaprolactones that 
are useful in the invention include those available under the 
trade designations TONE 0230, TONE 0240, and TONE 
0260 from Dow Chemical Co., Midland, Mich. Especially 
preferred materials are saturated, linear, aliphatic polyester 25 
polyols that are modified (e.g., through primary hydroxyl end 
groups) to introduce polymerizable, unsaturated functional 
groups, e.g., polycaprolactone diol reacted with 2-isocyana- 
loethyl methacrylate. methacryloyl chloride, or methacrylic 
anhydride. 30 

The crystalline materials may also have a dendritic, hyper- 
branched, or star-shaped structure, lor example, vv ilh varying 
degrees of branching. I )endritic polymers are polyfunctional 
compounds and include any of the known dendritic architec- 
tures including dendrimers, regular dendrons, dendrigrafts, 35 
and hyperbranched polymers. Dendritic polymers are poly- 
mers \v hit densely branched structures hav ing a large number 
of end reactive groups. A dendritic polymer includes several 
layers or generations of repealing units vv Inch all contain one 
or more branch points. Dendritic polymers, including den- 40 
drimers and hyperbranched polymers, can be prepared by 
condensation, addition, or ionic reactions of monomelic units 
having al least two different types of reactive groups. 

Dendritic polymers are comprised of a plurality of den- 45 
droits that emanate from a common core, which core usually 
comprises a group of atoms. Dendritic polymers generally 
consist of peripheral surface groups, interior branch junctures 
having branching functionalities greater than orequal to two. 
and divalent connectors that covalently connect neighboring 5Q 
branching junctures. 

Dendrons and dendrimers may be ideal or non-ideal, i.e., 
imperfect or defective. Imperfections are normally a conse- 
quence of either incomplete chemical reactions or unavoid- 
able competing side reactions. 55 

I lyperbranched polymers are dendritic polymers that con- 
tain high levels of non-ideal irregular branching arrays as 
compared with the more nearly perfect regular structure den- 
drimers. Specifically, hypei branched polymers con tain a reta- 
in ely high number of irregular branching arrays in vv hieh not ,, , 
every repeat unit contains a branch juncture. Consequently, 
hyperbranched polymers may be viewed as intermediate 
between linear polymers and dendrimers. Yet they are den- 
dritic because of their relatively high branch- juncture content 
per individual macromolecule. 65 

Star-shaped polymers typically consist of polymer chains 
emanating from a central core. 



The preparation and characterization of dendrimers, den- 
drons, dendrigrafts, hyperbranched polymers, and star- 
shaped are well known. Examples of dendrimers and den- 
drons. and methods of synthesizing the same are set forth in 
U.S. Pat. Nos. 4,507,466 (Tomalia et al.). 4.558,120 (Tomalia 
etal.), 4,568,737 (Tomalia et al.). 4.587.329 (Tomalia et al.), 
4,63i,337 (Tomalia et al.). 4.694.064 (Tomalia et al.), 4,713, 
975 (Tomalia et af). 4.737.550 (Tomalia ). 4.871.779 (Killat 
et al.), and 4,857,599 (Tomalia el af ). Examples of hyper- 
branched polymers and methods of preparing the same are set 
forth, for example, in U.S. Pat. No. 5,418,301 (Hult et al.). 
Some dendritic polymers are also commercially available. 
For example. 3- and 5-generation hyperbranched polyester 
polyols may be obtained from Perstorp Polyols, Inc., Toledo, 
Ohio. Examples of star polymers and methods of preparing 
the same are set forth, for example, in U.S. Pat. Nos. 5,830, 
986 (Merrill, et af), 5,859,148 (Rorggreve, et af), 5,919,870 
(Letchford. et af). and 6,252,014 (Knauss). 

The dendritic polymers useful in this invention may 
include any number of generations, preferably three to five 
generations. 

Generally, any of the known dendritic polymers having 
crystalline peripheral groups, or having peripheral groups 
that can be reacted with another compound to crystalline 
peripheral groups are suitable for use in the resin system in the 
compositions of this invention. Examples of suitable den- 
dritic polymers include pol\ ethers, polyesters, polythioether, 
polyarylalkylenes, polysilanes, polyamides, polyurethanes, 
and any other condensation polymers. 

Examples of suitable crystalline polymeric materials hav- 
ing crystallizable pendant moieties I i.e.. side- chains) include, 
bin are not liniiled lo polymeric materials having the follow- 
ing general formula: 



wherein R is hydrogen or a (Ci-C^alkyl group, X is 
— CH 2 — , — C(0)0— , — O— C(O)—, — C(O)— NH— , 
— HN— C(0)— — O— — NH— , — O— C(O)— NH— , 
— HN— C(0)— O— , — HN— C(O)— NH— , or 
— Si(CH 3 ) 2 — , m is the number id' repealing units in the 
polymer, andnisgreat enough to pio\ ide sufficient sidechain 
length and conformation to form polymers containing crys- 
lalline domains or regions. Preferably, m is at least 2. and 
more preferably, 2 to 100, and preferably, n is at least 10. The 
crystalline polymeric materials may be prepared by the poly- 
mcri/ation of monomers containing the pendant ''side chain) 
crystallizable moieties or by the introduction of pendant crys- 
tallizable moieties by chemical modification of a polyacry- 
late. polyniethacrylate. polyacrylamide. polyniethacryla 
mide, polyvinyl ester, or poly-a-olefin polymers or 
copolymers. The preparation and morphology/conforma- 
tional properties that determine the crystalline character of 
such side chain crystallizable or "comb-like" polymers are 
reviewed by Plate and Shibaev, "Comb-Like Polymers. 
Structure and Properties," Journal of Polymer Science, Mac- 
romolecular Reviews, 8, 117-253 (1974). 

Examples of suitable crystalline materials are aery late or 
methacrylate polymers derh ed from acrylate or methacrylate 
esters of nontertiary higher alkyl alcohols . As used herein, the 
term "(meth)acrylate" means methacrylate or acrylate. The 
alkyl groups of these alcoln >ls contain at least about 12, pref- 
erably about 16-26, carbon atoms. Examples of crystalline 
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monomers that can be used to make crystalline polymeric 
materials include dodecyl (meth)acrylate. isotridecyl (meth) 
acrylate. n-tetradecyl (meth )acry late, n-hexadecyl (meth) 
acrylate. n-octadec) I (meth lacrylate. beheny] (meth)iicrylate. 
eicosanyl (meth)acrylate. and mixtures thereof. Hexadecyl 
(methacrylates) and octadecyl (meth lacrylates are commer- 
cially available from Monomer-Polymer & Dajac Laborato- 
ries, Inc., Feasterville, Pa., and Polysciences, Inc., War- 
rington, Pa. (Meth)acrylate esters of non-tertiary alcohols, the 
alkyl portions of which comprise from about 30 to about 50 
carbon atoms, are commercially available under the trade 
designation UNIL1N from Petrolite Corp., Tulsa, Okla. As 
long as the crystalline oligomer or polymer has a melting 
point, it can include noncryslalli/able monomers. Acrylate or 
methacrylate or other vinyl monomers that are free-radically 
reactive may optionally be utilized in conjunction \\ ith one or 
more ol die side chain crystalli/able acrylate and methacry- 
late monomers provided that the resultant polymer has a 
melting or softening temperature above room temperature. 
Examples of such free-radically reactive monomers include, 
but are not limited to, tert-butyl acrylate, isobornyl acrylate, 
butyl methacrylate, vinyl acetate, acrylonitrile, styrene, 
isooctyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, and 
the like. Various combinations of these monomers can be 

Also suitable are side chain crystalline polymeric materials 

decene, poly-l-dodecene, poly- 1 -tetradecene. and poly-1- 
hexadecene, and higher vinyl esters, such as vinyl tetrade- 
canoate, vinyl hexadecanoate and vinyl octadecanoate. 

Additional side chain crystalline polymeric materials for 
use in the present invention include polymers with pendant 
polymeri/able groups. The pendant polymeri/able groups 
may be introduced bv the incorporation id' functional mono- 
mers in the side chain crystalline polymer. 

Useful functional monomers include those unsaturated ali- 
phatic, cycloaliphalic. and aromatic compounds ha\ ing up to 
about 36 carbon atoms that include a functional group 
capable of further reaction, such as a hydroxyl, amino, azlac- 
tone, oxazolinyl, 3-oxobutanoyl (i.e., acetoacetyl), carboxyl, 
isoeyanalo. epoxv. a/iridinvl. acvl halide. \ inyloxy. or anhy- 
dride group. 

Also suitable are functional monomers ha\ ing the general 
formula 

CII 2 =CR 2 A 
R 1 

wherein R 1 is hydrogen, a ((', to (" 4 )alkyl group, or a phenyl 
group, preferably hydrogen or a methyl group: R 2 is a single 
bond or a divalent linking group that joins an ethylenically 
unsaturated group to functional group A and preferably con- 
tains up to 34, more preferably up to 1 8, most preferably up to 
10 carbon atoms, and. optionally, oxygen and nitrogen atoms 
and, when R 2 is not a single bond, is preferably selected from 



O O 

R 3 , COR 3 ,and CNHR 3 



in which R~ is an alkylene group having 1 to 6 carbon atoms, 
a 5- or 6-membered cycloalkylene group having 5 to 10 
carbon atoms, or an alkylene-oxyalkylene in which each 
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alkylene includes 1 to 6 carbon atoms or is a divalent aromatic 
group having 6 to 16 carbon atoms: and A is a functional 
group, capable of reaction with a co-reactive functional group 
(\\ hich is pail ofan unsaturated monomer) to form a coxalenl 

5 bond, preferably selected from the class consisting of 
hydroxyl. an lino (especially scei indary amino), carboxyl. iso- 
cyanato, aziridinyl, epoxy, acyl halide, vinyloxy, azlactone, 
oxazolinyl, acetoacetyl, and anhydride groups. 

Representative hydroxyl group-substituted functional 

to monomers include the hydroxyalkyl (meth)acrylates and 
hydroxyalkyl (meth)acrylamides such as 2 -hydroxy ethyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-chloro-2- 
hydroxypropylmethyl (meth)acrylate, 2 -hydroxy ethyl 
(meth)acrylamide, 4-hydroxycyclohexyl (meth)acrylate, 

is 3-acryloyloxyphenol. 2-(4-acr\ loyloxyphenyl)-2-(4-hy- 
droxyphenyl)propane (also called bisphenol A monoacry- 
late). 2-propyn-l -ol, and 3-butyn-l -of 

Representath e amino group-substituted functional mono- 
mers include 2-methyl aminoethyl methacrylate, 3-amino- 

20 propyl methacrylate, 4-aminocyclohexyl methacrylate. N-(3- 
amrnophenyl lacrylamide, 4-aminostyrene. 
N-acryloylethylenediamine. and 4-aminophenvl-4-acrylami- 
dophenylsulfone. 

Representative azlactone group-substituted functional 

25 monomers include 2-ethenyl-l,3-oxazolin-5-one; 2-ethenyl- 

4- methyl-1.3-oxa/olin-5-one: 2-isopropenyl- 1.3-oxa/olin- 

5- one; 2-isopropenyl-4-methyl-l,3-oxazolin-5-one; 2-ethe- 
nyl-4,4-dimethyl-l ,3-oxazolin-5-one; 2-isopropenyl-4,4- 
dimethyl-l,3-oxazolin-5-one; 2-ethenyl-4-methyl-4-ethyl-l, 

30 3-oxazolin-5-one; 2-isopropenyl-3-oxa-l-aza[4.5]spirodec- 

1- ene-4-one; 2-ethenyl-5,6-dihydro-4H-l ,3-oxazin-6-one; 

2- ethenyl-4,5,6,7-tetrahydro-l,3-oxazepin-7-one; 2-isopro- 
penyl-5,6-dihydro-5,5-di(2-mcthylphenyl)-4 
H-l,3-oxazin-6-one; 2-acryloyloxy-l,3-oxazolin-5-one; 

35 2-(2-acryloyloxy)ethyl-4,4-dimethyl-l ,3-oxazolin-5-one; 

2-elheiiyl-4.5-dniydro-6IJ-1.3-oxa/in-6-one. and 2-elhenyl- 

4,5-dihydro-4,4-dimethyl-6H-l,3-oxazin-6-one. 

Representative oxazolinyl group-substituted functional 

monomers include 2-vinyl-2-oxazoline, 2-isopropenyl-2-ox- 
40 azoline, 2-(5-hexenyl)-2-oxazoline, 2-acryloxy-2-oxazoline. 

2-(4-acryloxyphenyl)-2-oxazoline, and 2-methacryloxy-2- 

oxazoline. 

Representative acetoacetyl group-substituted functional 
monomers include 2-(acetoacetoxy)ethyl (meth)acrylate, 
45 styryl acetoacetate, isopropenyl acetoacetate, and hex-5-enyl 
acetoacetate. 

Representative carboxyl group-substituted functional 
monomers include (meth)acrylic acid, 3-(meth)acryloyloxy- 
propionic acid, 4-(meth)acryloyloxy-butyric acid, 2-(meth) 

50 acryloyloxy-benzoic acid, 3-(meth)acryloyloxy-5-methyl 
benzoic acid, 4-(meth)acryloyloxymethyl-benzoic acid, 
phthalic acid mono-(2-(meth)acryloyloxy-ethyl) ester, 2-bu- 
tynoic acid, and 4-pentynoic acid. 

Representative isocyanate group-substituted functional 
monomers include 2-isocyanaloelhyl (meth lacrylate. 3-iso- 
propenyl dimethy benzyl isocyanate. 3-isocyanatopropyl 
(meth)acrylate, 4-isocyanatocyclohexyl (meth)acrylate. 
4-isocyanatostyrene, 2-methyl-2-propenoyl isocyanate, 4-(2- 
aeryloyloxyethoxycarbonylamino iphenyl isocyanate. ally I 

60 2-isocyanatoethylether. and 3-isocyanato- 1 -propene. 

Representative epoxy group-substituted functional mono- 
mers include glycidy] (meth)acrylale, thioglycidyl (meth) 
acrylate. 3-(2.3-epoxypropxy)phenyl (nieth)acrylate. 2-[4- 
(2. 3-epoxypropoxy)phenyl]-2-(4-acryloyloxy -phenyl) 

65 propane, 4-(2,3-epoxypropoxy)cyclohexyl (meth)acrylate, 
3-c] lit 1 f meth late, an 4-ep i 

hexyl (meth)acrylate. 
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Representative aziridinyl group-substituted functional 
monomers include N-(meth)acryloylaziridine. 2-( 1 -aziridi- 
nyl)ethyl (meth)acrylate, 4-(l -aziridinyl (butyl (meth)acry- 
late, 2-(2-(l-aziridinyl)ethoxy)ethyl (meth)acrylate, 2-(2-(l- 
aziridinyl)ethoxycarbonylamino)ethyl (meth)acrj late. 12- 
(2-(2,2,3,3-tetramethyl - 1 -a/iridinyl let boxy carbonylamino) 
dodecyl (meth)acrylate. and l-(2-propenyl)aziridine. 

Representative acyl lialide group-subsliluled functional 
monomers include (meth)aciyloyl chloride, a-chloroacry- 
loyl chloride, acryloyloxyacetyl chloride, 5-hexenoyl chlo- 
ride, 2-(acryloyloxy) propionyl chloride, 3-(acryloylthioxy) 
propionoyl chloride, and 3-(N-acryloyl-N-methylamino) 
propionoyl chloride. 

Representative vinyloxy group-substituted functional 
monomers include 2-(elhenyloxy)ethyl i meth)acrylate. 

3- (ethynylox)')-l-propene, 4-(ethynyloxy)-l-butene, and 

4- (ethenyloxy)butyl-2-acrylamido-2,2-dimethylacetate. 
Representative anhydride group-substituted functional 

monomers include maleic anliydride, acrylic anhydride, ita- 
conic anhydride, 3-acryloyloxyphthalic anliydride, and 
2-methacryloxycyclohexanedicarboxylic acid anliydride. 

Starting from the functional main chain (i.e., linear) or 
pendant (i.e., side chain) crystalline oligomers or polymer 
segments, the introduction of polymerizable groups prefer- 
ably takes place by reaction with suitable unsaturated com- 
pounds, in particular (meth)acrylic, ally], or vinyl com- 
pounds, according to known methods of organic chemistry. 
Polymerizable mcthacrylatc groups can be introduced, for 
example, by esterilication of alcohol groups on the polymer 
with methacrylic acid or by acylation with methacrylic acid 
chloride or methacrylic acid anhydride. Furthermore, the 
reaction of alcohol groups on the crystalline polymer with 
2-isocyanatoethvl methacrvlate (II <M) is particularly suit- 
able. 

Analogously, the lunctionali/ed crystalline starting mate- 
rials can be modilied with other unsaturated polymeri/able 
groups, such as acrylic. \ inyl. allyl. \ inyl ether, or slyryl in 
place of methacrylic groups. Suitable reagents are acrylic 
acid, acrylic acid cliloride, vinyl acetic acid, and 4-vinyl 
benzoic acid. Preferred polymerizable groups are methacry- 
late and acrylate groups. 

Another crystalline component includes compounds of the 
formula: 




wherein each Q independently includes polyester segments, 
polyamide segments, polyurethane segments, polyether seg- 
ments, or combinations thereof. Preferably, each Q indepen- 
dently includes poly(caprolactone) segments. More prefer- 
ably, such crystalline compounds include polymeri/able 
groups, such as epoxy, acid, a lcohol, and ethylenically unsat- 
urated reactive sites. Particularly preferred such materials 
include unsaturated polymerizable groups, such as meth- 
acrylic, acrylic, vinyl, and styryl groups. 
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Filler System 

Fillers for use in the filler system may be selected from a 
wide variety of conventional fillers for incorporation into 
resin systems. Preferably, the filler system includes one or 

5 more conventional materials suitable for incorporation in 
compositions used for medical applications, for example, 
fillers currently used in dental restorative compositions. Thus, 
the filler systems used in [he compositions of the present 
invention are incorporated into the resin systems, and particu- 

to larly mixed with the crystalline ci imponent of the resin sys- 

Fillers may be either particulate or fibrous in nature. Par- 
ticulate fillers may generally be defined as having a length to 
v idth ratio, or aspect ratio, of 20: 1 or less, and more com- 

15 nionly 10:1 or less. Fibers can be defined as having aspect 
ratios greater than 20:1, or more commonly greater than 
100:1. The shape of the particles can vary, ranging from 
spherical to ellipsoidal, or more planar such as Hakes or discs. 
The macroscopic properties can be highly dependent on the 

20 shape of the filler particles, in particular the uniformity of the 

Preferred particulate filler is finely divided and has an 
average particle size (preferably, diameter) of less than about 
10 micrometers (i.e., microns). Preferred micron-size par- 

25 ticulate filler has an average particle size of at least about 0.2 
microns up to 1 micrometers. Nanoscopic particles have an 
average primary particle size of less than 200 nm (0.2 
microns). The filler can have a unimodal orpolymodal (e.g., 
bimodal) particle size distribution. 

30 Micron-size particles are very effective for improving 
post-cure wear properties. In contrast, nanoscopic fillers are 
commonly used as viscosity and thixolropy modifiers. Due to 
their small size, high surface area, and associated hydrogen 
bonding, these materials are known to assemble into aggre- 

35 gated networks. Materials of this type ("nanoscopic" materi- 
als) have average primary particle sizes (i.e., the largest 
dimension, e.g., diameter, of unaggregated material) of less 
than 200 nanometers (nm). Preferably, the nanoscopic par- 
ticulate material has an average primary particle size of at 

40 least 2 nanometers (nm), and preferably at least about 7 nm. 
Preferably, the nanoscopic particulate material has an average 
primary particle size of no greaterthan about 50 nm, andmore 
preferably no greater than about 20 nm in size. The average 
surface area of such a filler is preferably at least about 20 

is square meters per gram (m 2 gl. more preferably, at least about 
50 m 2 /g, and most preferably, at least about 100 m 2 /g. 

The filler can be an inorganic material. It can also be a 
crosslinked organic material that is insoluble in the polymer- 
i/able resin, and is optionally filled w ilh inorganic filler. The 

50 filler is preferably generally non-toxic and suitable for use in 
the mouth. The filler can be radiopaque, radiolucent, or non- 
radiopaque. Fillers as used in dental applications are typically 
ceramic in nature. 

1 xamples of suitable inorganic fillers are naturally occur- 

55 ring or synthetic materials such as quart/, nitrides (e.g.. sili- 
con nitride), glasses derived from, for example Ce. Sb. Sn. Zr. 
Sr, Ba, or Al, colloidal silica, feldspar, borosilicate glass, 
kaolin, talc, titania, and zinc glass, zirconia-silica fillers; and 
lowMohs hardness fillers such as those described in U.S. Pat. 

60 No. 4,695,251 (Randklev). 

Examples of suitable organic filler particles include filled 
or unfilled pulverized polycarbonates, polyepoxides. and the 
like. Preferred filler particles are quart/, submicron silica, and 
non-vitreous microparticles of the type described in U.S. Pat. 

65 No. 4,503,169 (Randklev). Mixtures of these fillers can also 
be used, as well as combination fillers made from organic and 
inorganic materials. 
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Optionally, the surface of the filler particles may be treated 
with a surface treatment, such as a silane-coupling agent, in 
order to enhance the bond between the filler and the resin 
system. The coupling agent may be liinciionah/ed u ilh reac- 
tive curing groups, such as acrylates, methacrylates, and the 5 
like. 

The filler particles used to impart a noncovalent structure 
can be composed of silica, alumina, zirconia. litania. or mix- 
tures of these materials with each other or with carbon. In 
their synthesized state, these materials are commonly hydro- I" 
philic, due to the presence of surface hydroxyl groups. How- 
ever, the materials may also be modified by treatment with 
appropriate agents, such as alkyl silanes. in order to modify 
this character. For example, the surface of a filler particle may 
be rendered neutral, hydrophobic, or reactive, depending on 15 
the desired properties, fumed silica is a pre I erred compound 
lor imparting self-supporting character, due to its low cost, 
commercial availability, and wide range of available surface 
character. 

Preferably, the total amount of filler system is greater than 20 
50 wt-%, more preferably, greater than 60 wt-%, and most 
preferably, greater than 70 wt-%, based on the total weight of 
the composition. If the filler system includes fibers, the fibers 
are present in an amount of less than 20 wt-%, based on the 
total weight of the composition. Preferably, the total amount - s 
of filler system is no more than about 95 wt-%, and more 
preferably, no more than about 80 wt-%, based on the total 
weight of the composition. Significantly, such high filler 
loadings with the resin systems of the present invention is 
unexpected, particularly in providing a malleable composi- 30 
tion. 

Initiator System 

The compositions of the present in\ en tion also contain an 
initiator system, i.e., one initiator or a mixture of two or more 35 
initiators, which are suitable for hardening (e.g.. polymeriz- 
ing and/or crosslinking) of the resin system. The initiators arc 
preferably free radical initiators, which may be actuated in a 
variety of ways, e.g., heat and/or radiation. Thus, for example, 
the initiator system can be a thermal initiator system (e.g., azo 40 
compounds and peroxides), or a photoinitiator system. Pref- 
erably, the initiator system includes one or more photoinitia- 
tors. More preferably, the initiator system includes at least 
one photoinitiator active in the spectral region of about 300 
nanometers (nm) to about 1200 mn and capable of promoting 45 
free radical polymerization and/or crosslinking of ethyleni- 
cally unsaturated moieties upon exposure to light of suitable 
wavelength and intensity. A wide variety of such photoinitia- 
tors can be used. The photoinitiator preferably is soluble in 
the resin system. Preferably, they are sufficiently shelf stable 50 
and free of undesirable coloration to permit storage and use 
under typical dental operatory and laboratory conditions. Vis- 
ible light photoinitiators are preferred. 

One type of suitable initiator (i.e.. initiator system) is 
described in U.S. Pat. No. 5,545,676 (Palazzotto et al.), which 55 
includes a three component or ternary photoinitiator system. 
This system includes an lodonium salt, e.g., a diaryliodonium 
sail, which can be a simple sail (e.g.. containing an anion such 
as CT", Br, I", or C 2 H 5 S(V) or a metal complex salt (e.g., 
containing SbF 5 OH" or AsF 6 "). Mixtures of iodonium salts 60 
can be used if desired. The second component in this ternary 
photoinitiator system is a sensitizer, which is capable oflight 
absorption within the range of wavelengths of about 400 nm 
to about 1200 nm. The third component in this ternary pho- 
toinitiator system is an electron donor and includes amines 65 
(including aminoaldehydes and aminosilanes or other amines 
as described for the first initiator system ). amides (including 



phosphoramides). ethers (including thioethers), ureas (in- 
cluding thioureas), ferrocene, sulfuric acids and their salts, 
salts of ferrocyanide, ascorbic acid and its salts, dithiocar- 
bamic acid and its salts, salts of xanthates, salts of ethylene 
diamine tetraacetic acid and salts of tetraphenylboronic acid. 

Examples of sensitizers suitable for use in a ternary pho- 
toinifiator svstem include ketones, eoumarin dyes (e.g., keto- 
coumarins). xanthene dyes, acridine dyes, thiazole dyes, thi- 
azine dyes, oxazine dyes, azine dyes, aminoketone dyes, 
porphyrins, aromatic polycyclic hydrocarbons, p-substituted 
aminostyryl ketone compounds, aminotriaryl methanes, 
merocyanines, squarylium dyes, and pyridinium dyes. 
Ketones (e.g.. monoketones or alpha-diketones), ketocou- 
marins. aminoarylketones. and p-substituted aminostyryl 
ketone compounds are preferred sensitizers. Examples of 
particularly preferred visible light sensitizers include cam- 
phorquinone. glyoxal. biacetyl. 3.3.6.6-tetramethylcyclohex- 
anedione. 3.3.7.7-tetramethyl- 1 .2-cycloheptanedione. 3.3.8. 
X-tetramethyl- 1 .2-cyclooctanedione. 3.3. 1 8. 1 8-tetramethyl- 
1,2-cyclooctadecanedione, dipivaloyl, benzil, furil, 
hydroxybenzil. 2.3-butanedionc. 2.3-pcntancdionc. 2,.3-hex- 
anedione, 3,4-hexanedione, 2,3-heptanedione, 3,4-hep- 
tanedione, 2,3-octanedione, 4,5-octanedione, and 1,2-cyclo- 
hexanedione. ( )f these, camphorcjuinone is the most preferred 



Yet another type of photoinitiator includes acylphosphine 
oxides, such as those described in European Pat. Application 
No. 17.3567 (Ying). Suitable acvlphosphine oxides arc pref- 
erably of the general formula (R 4 ) 2 — P(=0)— C(=0)-R 5 , 
wherein each R 4 is indi\ idually a hydrocarbon group, prefer- 
ably an alkyl group, alicyclic group, aryl group, and aralkyl 
group, any of which can be substituted with a halo-, alkyl- or 
alkoxy-group, or the two R 4 groups can be joined to form a 
ring along with the phosphorous atom, and wherein R 5 is a 
hydn icarbon gri >up, preferably, a S-, O-, orN-containingfive- 
or six-membercd heterocyclic group, or a — Z — C(=0) — P 
( ( ) ) ( R 4 ), group, w herein / represents a divalent hydro- 
carbon group such as alkylene or phenyl ene having from 2 to 
6 carbon atoms. Examples of suitable acylphosphine oxides 
include bis(2.4.6-trimethylbenzoyl)phenyl phosphine oxide, 
for example. Optionally, tertiary amine reducing agents may 
be used in combination with an acylphosphine oxide. Illus- 
trative tertiary amines useful in the invention include those 
described above as well as ethyl 4-(N,N-dimethylamino)ben- 
zoate and N.N-dimethylaminoethyl methacrylate. 

Mono- and di-ketones can also be used as photoinitiators. 
Examples of such systems are described in U.S. Pat. No. 
4,071,424 (Dartetal.). 

Still another class of photoinitiators includes ionic dyc- 
counterion complex initiators that include a borate anion and 
a complementary cationic dye. Borate anions useful in these 
photointiators generally can be of the formula B(R 6 ) 4 " 
wherein each R 6 is independent Kan alkyl. aryl, alkaryl, ally], 
aralkyl, alkenyl. alkynyl. alicyclic. and saturated or unsatur- 
ated heterocyclic groups. Cationic counterions can be cat- 
ionic dyes, quaternary ammonium groups, transition metal 
coordination complexes, and the like. Cationic dyes useful as 
counterfoils can be cationic methine, polymethine, triarylme- 
thine, indoline. thia/ine. xanthene. oxazine or acridine dyes. 
Quaternary ammonium groups useful as counterions can be 
trimethylcetylammonium. cetylpyridinium, and tetramefhy- 
lammonium. Other organophilic cations can include pyri- 
dinium. phosphonium. and sullbnium. Cationic transition 
metal coordination complexes that may be useful as counte- 
rions can be complexes of cobalt, ruthenium, osmium, zinc, 
iron, and iridium with ligands such as pyridine. 2,2'-bipyri- 
dine, 4,4'-dimethyl-2,2'-bipyridine, 1,10-phenanthroline, 
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3.4,7. 8-tetramelhylphenanlhro line. 2.4.6-tri(2-pyridyl-s-tri- 
azine) and related ligands. Borate salt photoinitiators are 
described, for example, in U.S. Pat. Nos. 4,772,530 
(Gotlschalk et ah). 4.954.414 (Adair et al.), 4,874,450 
(Gotlschalk). 5.055.372 (Shanklin et al.), and 5,057,393 5 
(Shanklin et al.,). 

Preferred visible light-induced initiators include cam- 
phcu quiin me combined w ilh a suitable hydrogen donor (e.g.. 
an amine such as those described above for the first initiator 
system), and optionally a diaryliodonium simple or metal to 
complex salt, chromophore- substituted halomefhyl-s-triaz- 
ine. or halomethyl oxadia/ole. Particularly preferred \ isible 
light-induced photoinitiators include combinations of an 
alpha-diketone, e.g., camphorquinone with additional hydro- 
gen donors, and optionally a diaryliodonium sail. e.g.. diphe- i 5 
nyliodonium chloride, bromide, iodide or hexafluorophos- 

Preferred ultraviolet light-induced polymerization initia- 
tors include ketones, such as benzyl and benzoin, acyloins, 
and acyloin ethers. Preferred ultraviolet light-induced poly- 20 
merization initiators include 2,2-dimethoxy-2-phenylac- 
etophenone available under the trade designation IRGA- 
CURE 651 and benzoin methyl ether (2-methoxy-2- 
phenylacetophenone), both from Ciba Speciality Chemicals 
Corp., Tarrytown, N.Y. 25 

The initiator system is present in an amount sufficient to 
provide the desired rate of hardening (e.g., polymerizing and/ 
or crosslinking). For a pholoinilialor. ibis amounl will be 
dependent in part on the light source, the thickness of the layer 
to be exposed to radiant energy, and the extinction coefficient 30 
of the photoinitiator. Preferably, the initiator system is present 
in a total amount of at least about 0.01 wt-%, more preferably, 
at least about 0.03 wt-%, and most preferably, at least about 
0.05 wt-%, based on the weight of the composition. Prefer- 
ably, the initiator system is present in a total amount of no 35 
more than about 10 wt-%, more preferably, no more than 
about 5 wt-%, and most preferably, no more than about 2.5 
wt-%, based on the weight of the composition. 

Surfactant System 40 

The compositions of the invention may contain a surfactant 
system, i.e., one surfactant or a mixture of two or more sur- 
factants. These surfactants, w hen used in small amounts may 
interact with other components of the composition, such as an 
inorganic Filler material, to enhance the formation of a non- i5 
covalent three-dimensional structure. Such surfactants can be 
nonionic, anionic, or cationic. The surfactanl(s) can be copo- 
lymerizable with the resin system or non-copolymerizable. A 
consideration in the choice of a surfactant thai can be used is 
the degree to which the ingredients of the system are able to 50 
participate in hydrogen bonding. 

Preferably, the total amount of surfactant system is at least 
about 0.05 wt-%, more preferably, at least about 0.1 wt-%, 
and most preferably, at least about 0.2 wt %. based on the 
total weight of the composition. Preferably, the total amount 55 
of surfactant system is no more than about 5.0 wt-%, more 
preferably, no more thanabout 2.5 wt-%, andmost preferably, 
no more than about F5 w t-%. based on the total weight of the 
composition. 

Typical nonionic surfactants are usually condensation 60 
products of an organic aliphatic or alkylaromatic hydropho- 
bic compound and an alkylene oxide, such as ethylene oxide, 
which is hydrophilic. The length of the ethylene oxide chain 
of the condensation product as well as the length of the 
starting hydrocarbon compound can be adjusted to achieve 65 
the desired balance between the hydrophobic and hydrophilic 
elements. Fxamples of such surfactants include nonylphe- 



noxypoly (ethyleneoxy) ethanols available under the trade 
designation IGEPAT CO from Rhone-Poulenc, Cranbury, 
N.J., and nonylphenyl polyethylene glycol ethers available 
under the trade designation TERGITOL NP from Dow 
Chemical Co.. Midland. Mich. 

Other nonionic surfactants include, but are not limited to, 
sorbitan fatty acid esters available under the trade designation 
SPAN from ICI, Runcorn Cheshire. I K. and polyoxyethyl- 
ene sorbitan fattj acid esters available under the trade desig- 
nation TWEEN from ICI. Still other satisfactory nonionic 
surfactants include, but are not limited to, short chain poly- 
functional molecules like glycerine, ethylene diamine, ethyl- 
ene glycol, propylene glycol: and long chain polyfunctional 
molecules like polyalkylene glycols available under the trade 
designation UCON from Dow Chemical, polyoxyethylene 
sorbitol available under the trade designation ATL AS G-2240 
from ICI, polyethylene glycols and their methyl ethers avail- 
able under the trade designation CARBOWAX from Dow 
Chemical. 

Typical cationic surfactants include, but are not limited to, 
quaternary ammonium salts in which al least one higher 
molecular weight group and two or three lower molecular 
weight groups are linked to a common nitrogen atom to 
produce a cation, and wherein the electrically-balancing 
anion is selected from the group consisting of a halide (e.g., 
bromide or chloride), acetate, nitrite, and lower alkosulfate 
(e.g., methosulfate). The higher molecular weight 
substituent(s) on the nitrogen is/are often (a) higher alkyl 
group(s), containing at least about 10 carbon atoms, and the 
lower molecular weight substituents may be lower alkyl of 
about 1 to about 4 carbon atoms which may be substituted 
withhydroxy. One ormore of the substituents may include an 
aryl moiety or may be replaced by an aryl moiety, such as 
benzyl or phenyl. Among the possible lower molecular 
w eight substituents are also low er alkyls of about 1 to about 4 
carbon atoms substituted by lower polyalkoxy moieties such 
as polyoxyethylene moieties bearing a hydroxyl end group. 
Examples ofuseful quaternary ammonium halide surlactants 
for use in the present invention include, but are not limited to, 
bisfhydrogenated tallowalkyl) dimethyl quaternary ammo- 
nium chloride available under the trade designation 
ARQUAD 2HT-75 from Akzo Nobel, McCook, 111, dimethyl 
di(cocoalkyl) quaternary ammonium chloride available 
under the trade designation ARQUAD 2C-75 from Akzo 
Nobel, and N-( tallow alkyl ,)- 1 .3-propanediamine dioleate 
available tinder the trade designation DUOMEEN TDO from 
Akzo Nobel. 

Typical anionic surfactants include, but are not limited to, 
dihexyl sodium sulfosuccinate available under the trade des- 
ignation AEROSOL MA from BASF, Ludwigshafen, Ger- 
many, diocfyl sodium sulfosuccinate available under the trade 
designation ALROWET D-65 from Ciba Speciality Chemi- 
cals, the sodium salt of a polymerized carboxylic acid avail- 
able under the trade designations DAXAD 30 from W. R. 
Grace, Columbia, Md, TAMOL 731 from Rohm and Haas, 
Philadelphia. Pa., sodium alk\ lnaphthalene sulfonate avail- 
able under the trade designa! it in NKKAL BA-75 from Rohm 
and Haas, as well as sodium oleate, sodium stearate, sulfated 
castor oil, zinc hydroxy stearate, all of which are available 
from a variety of suppliers. 

Optional Additives 

The composition may additionally include optional agents 
such as colorants (e.g., pigments conventionally used for 
shade adjustment ). Ilavorants. medicaments, stabilizers (such 
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as BHT), viscosity modifiers, and the like. Such agents may 
optionally include reactive functionality so that they will be 
copolymerized with the resin. 

Methods of Use and Products 

The compositions of the present invention can be shaped 
(e.g., molded) into a variety of forms like ihree-dimensional 
shapes, preformed sheets, arch-shaped trays, ropes, buttons, 
woven, or non-woven webs, and the like. The composition 
can be shaped (to form a first shape) in a variety of ways 
including, lor example, extruding, injection molding, com- 
pression molding, thermo forming, vacuum forming, press- 
ing, calendering indwebpi i ing rollers lypically. 
a semi-finished shape is formed using a mold with a positive 
and negative impression. 

The shaped articles can be sold individually or in multiple 
units, preferably packaged in a way that protects them from 
heat and/or light that can activate the initiator system con- 
tained in the composition. 

Generally, a preformed article of appropriate size and 
shape (the first shape) is selected and custom shaped at a 
temperature of about 15° C. to 38° C. (preferably, about 20° 
C. to 38° C, which encompasses typical room temperatures 
and body temperatures, and more preferably, at room tem- 
perature). This shaping can be done by a variety of methods 
including applying pressure with fingers or an instrument of 
choice (e.g., hand operation of dental composite instrument), 
trimming, cutting, sculpting, grinding, etc. Once the desired 
custom shape has been achieved, the article is hardened (e.g., 
cured) by exposing it to heat radiation to cause activation of 
the initiator system. This can be done either in a single step, or 
in multiple steps with successive steps of custom shaping 
being done in-between. One or more of these steps can be 
carried out in an oxygen-free inert atmosphere or in vacuum. 
After the final shaping and hardening steps, the hardened 
article can be further modified in shape by grinding, trim- 
ming, etc., if desired. Once the final custom shape of the 
article has been obtained, it can be polished, painted, or 
otherwise surface treated, if required for the intended appli- 
cation. Preferably, the final custom shaped articles prepared 
from the compositions of the present in\ ention do not need an 
additional veneering material (e.g., a second material that 
provides a desired appearance or property). The intended 
application may require mounting, bonding, or otherwise 
attaching the custom shaped cured article to a second object 
adhesively, mechanically, or by combination of both. 

For the preparation of a provisional dental crown, an appro- 
priate shape and size of a preformed crown is selected and the 
preformed crown is sealed on the prepared tooth to determine 
the extent of trimming and shaping required, optionally mak- 
ing marks on the crown. The preformed crown is removed 
from the mouth, the required shape and size adjustments are 
made by cutting, trimming, shaping, etc.. and then re-scated 
on the tooth preparation where additional shape adjustments 
are made to provide optimum custom fit, including gingival, 
lateral, and occlusal fit. The preformed and reshaped crown 
can then be hardened, typically by exposing it to a dental 
curing light for a few seconds, if desired, while in the mouth, 
and then removing it carefully from the mouth and exposing 
it for final cure to a curing light in a cure chamber, optionally 
in combination with heat. Alternatively, the crown can also be 
completely cured in the mouth by irradiating it w ith a dental 
curing light. Final adjustments are made by grinding, trim- 
ming, etc., if required, and the finished crown is polished and 
cleaned. The finished crown can then be cemented as is or 
lined with a suitable resin material prior to placement in the 
mouth. 
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This invention also includes a customizable dental impres- 
sion tray, formed from a self-supporting composition as 
described herein. Dental trays are commonly used to obtain 
accurate impressions (if a patient's teeth ( 'ommonly. the tray 

5 is supplied as a preformed non-customizable item, albeit in a 
range of si/es. This tray is tilled w ith an impression material 
(e.g., one or more flowable elastomeric materials, such as 
polyvinylsiloxane, polyether, or polysulfide) and pressed 
around the teeth of the upper or lower jaw. The impression 

to material contained within the tray is then cured in place. More 
accurate impressions can be obtained with increased patient 
comfort through the use of a customized tray, which can be 
shaped to fit the patient's mouth more accurately than a 
generic "one si/e fits all" tray. Thus, the compositions of the 

15 present invention can be used to make a customizable dental 
impression tray. 

( )ne oil he major requirements lor a dental impression tray 
is that the impression material adheres to the interior surface 
of the tray. Due to their shape, a mechanical interlock is 

2o typically formed between the teeth and the impression mate- 
rial during curing. Although the impression material may be 
flexible even after curing, insullicient adhesion will cause the 
impression material to separate from the tray or tear during 
removal from the mouth. Current tray technology relies on 

2s addition of an adhesive to the tray prior to tilling it with 
impression material in order to create this bond. The present 
invention allows for this, although a dental impression tray 
can include at least one structured surface (i.e., a surface 
having a 3-dimensional structure formed from depressions, 

30 holes, protuberences, or the like), which can be a microrep- 
licated surface or be formed by a porous substrate, for 
example. Such a structured surface provides a mechanical 
interlock between the surface of the tray and the cured 
impression material, analogous to that formed between the 

35 impression material and the teeth. However, the interlock 
between the tray and impression material is much more exten- 
sive, and thus stronger than the impression material/tooth 
interface. As such, the requirement for an adhesive is elimi- 
nated. This structured surface in the tray may be created in a 

40 number of ways, including, but not limited to, molding, 
embossing, or lamination of a second structured layer such as 
a porous substrate (e.g., including films, foams, and knit, 
woven, andnonwoven fabrics). If a second layer is laminated 
to the base material, said lamination can also contribute in 

45 other ways, e.g., through enhancement of mechanical prop- 

The hardenable, self-supporting structures (e.g., dental 
products) of this invention can be prepackaged either indi- 
v idually or as an ensemble. Such packaging material should 

50 protect these products from conditions that would activate the 
initiator system and thus cause premature hardening, e.g.. 
such as could result from exposure to light in the case of a 
photoinitiator. In addition, the packaging material optionally 
confirms to the surfaces of the product, thereby providing 

55 additional mechanical strength in order to resist damage dur- 
ing shipping. For example, a preformed crown or tray could 
be packaged in a layer of polyethylene on all sides. The 
polyethylene provides a mechanical structure and can be 
sealed to av oid contact with water. If the polyethylene were 

60 filled with an appropriate dye. e.g.. carbon black, incident 
light would be absorbed before it could reach the enclosed 
product. If such a packaging layer is somewhat rigid, and if 
the packaging material is shaped similar to the preformed 
article of the invention, then the packaging could enhance the 

65 dimensional stability of the preformed product during ship- 
ment and storage. In certain cases, the packaging may thus 
form an integral part of the product system. 
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The invention is also useful in a number of preformed 
orthodontic applications. For example. Ihe hardenable com- 
position may be fabricated into a custom appliance such as a 
lingual retainer, a space retainer, a hook, a button, era splint. 
As another example, the composition may be used to make a : 
portion of an appliance, such as a custom base for an orth- 
odontic bracket that is adapted to closely fit the curvature of a 
patient's tooth, or an orthodontic bracket with tiewings that 
are oriented at a particular angle to avoid contact w ith adja- 
cent structure in the oral ca\ ity. The composition also may be i 
used to make a tooth facsimile that is bonded In an archw ire to 
hide open spaces between teeth during the course of treat- 
ment. Furthermore, the composition may be used to bond 
groups of adjacent teeth together to establish strong anchor- 
age for other orthodontic appliances. Additionally, the com- 15 
position may be formed into a droplet of material that is 
bonded to an archwire at a certain location to prevent sliding 
mi >v ement of the archwire or to prevent movement of another 
appliance. When used in orthodontic applications, the com- 
position of the invention can be shaped to a desired configu- 20 
ration in vivo and then hardened in place in the oral cavity. 
Alternatively, the composition can be shaped to a desired 
conliguration outside of the oral cavity using, if desired, a 
model of the patient's tooth structure. When the composition 
is shaped outside of the oral cavity the composition is prei- ;s 
erably hardened before placement in the oral cavity. 

EXAMPLES 

The following examples are given to illustrate, but not 30 
limit, the scope of this invention. Unless otherwise indicated, 
all parts and percentages are by weight and all molecular 
weights are weight average molecular weight. 
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Pre-Cure Elastic and Viscous Moduli 1 Rheology) Test 

Elastic Moduli (G') and Viscous Moduli (G") as an indica- 
tion of composition rheology were measured according to the 
following test procedure. A composition sample was heated 40 
to 70° C. in an oven and pressed between two Teflon-lined 
glass plates into a sheet having a thickness of approximately 
2 millimeters (mm). After cooling to room temperature and 
aging for 48 hours, an 8-mm diameter disk was cut from the 
resulting sheet. Rheologieal measurements were carried out b 
on a Rheometrics RDA II dynamic mechanical analyzer 
(Rheomelric Scientific, l'iscalaway N.J.) using S-111111 paral- 
lel plate fixtures. Elastic and Viscous Moduli were measured 
at 25° C. as a function of frequency (Hz) for the disk of 
pre-cured composite and results reported in kilopascals (kPa). 50 

Pre-Cure Crown Formation Test 

The objective of this test is to determine if a composition 
could be made into a self-supporting crown and then deter- 
mine qualitatively if that crown is malleable, shapeable, and 55 
trimable at room temperature. A composite sample was 
manually formed into a 2-mm thick •'cup"" approximately the 
size of a molar and was pressed at 85° C. between a positive 
mold of a slightly reduced maxillary central incisor and a 
negative mold of 3M ESPE polycarbonate crown #10. The 60 
positive and negative molds were prepared from 3M ESPE 
IMPRINT II Monophase and 3M ESPE EXPRESS STD 
Putty Material (3M Co., St. Paul, Minn.), respectively. In 
order for a composition sample to "pass" this Test Method, 
the pressed crown should easily be removed from the mold 65 
after cooling to room temperature without any markable 
deformation. 



1 sample was further evaluated based on its abil- 
ity to be custom fitted on a more heavily reduced maxillary 
central incisor on a T YP( )1 X )NT arch (( olumbia 1 )entoform. 
Long Island City. N.Y.). The crow n sample was examined for 
(l)hovv well il retained its form while being handled. (2) how 
easily it could be trimmed with scissors, and (3) how well it 
could be custom-fitted on the central incisor by adapting the 
crown shape w ith a composite instrument vv hile positioned on 
the reduced tooth, without either breaking or demonstrating 
any elastic deformation. In order for a composition to "pass" 
this Test Method, the formed crown sample was required to 
successfully meet each of these three quality parameters. 

Pre-( fire ( 'omposite Packability lest 

The packability of a composite material was qualitativ elv 
determined according to the following procedure. The first 
molar tooth on a lower arch model (SM-PVR-860 from 
Columbia Dentalorm Corporation. 1 ong Island City. NY'.) 
was prepared with a mesio occluso cavity preparation. A 
metal matrix band (dead soft HO Band- Young, type univ ersal 
#1 from Henry Schein catalog) was fitted around the molar 
with the help of a Tofflemire matrix retainer (type universal, 
from I lenry Schein ealalog ) This model was then placed in a 
small heating chamber, vv Inch vv as kept at a constant tempera- 
ture of 38° C. Once the model had reached a temperature of 
38° C. it was taken out of the heated chamber and a pellet of 
the composite to be tested was placed in the prepared tooth 
cavity. Packability of the composite was evaluated by com- 
pacting the pellet in the cavity with a double-ended amalgam 
plugger (1/2 Black DE from Henry Schein catalog). The 
ability of the composite material to be condensed, rather than 
flowing around the plugging instrument, was determined. 
Evaluation also included the ability of the composite material 
to transfer some of the compacting force to the metal matrix 
band, and thereby to deform the band. A composite material 
that both could be condensed in the cavity and that deformed 
the band was judged to be packable. 

Pre-Cure Differential Scanning Calorimetry (DSC) Test 

The crystallinity and melting point of samples was deter- 
mined by differential scanning calorimetry using a DSC 2920 
instrument from TA Instruments (New Castle, Del.). A 
sample weighing 5-10 mg that had been aged for at least 72 
hours was placed in a standard aluminum pan and heated at 5° 
C. inin from -40" C. to 120" C. I he resulting thermogram 
was examined for evidence of a melting point range and 
endothermic peaks that would be associated with the melting 
of crystalline species. The absence of endothermic peaks 
would be indicative of no crystalline component in the 



Flexural Strength and Flexural Modulus w 
according to the following test procedure. A composition 
sample was pressed at 65° C. in a preheated mold to form a 
2-mmx2-mmx25-mm test bar. The bar was aged at room 
temperature for 24 hours and light cured for 90 seconds by 
exposure to two oppositely disposed VISILUX Model 2500 
blue light guns (3M Co.). The bar was then post-cured for 1 80 
seconds in a DentacolorXS unit I Kul/er. Inc.. Germany) light 
box, and sanded lightly with 600-grit sandpaper to remove 
flash from the molding process. After storing in distilled 
water at 37° C. for 24 hours, the Flexural Strength and Flex- 
ural Modulus of the bar were measured on an Instron tester 
(Instron 4505, Instron Corp., Canton, Mass.) according to 
ANSI/ADA (American National Standard American Dental 
Association) specification No. 27 (1 993) at a crosshead speed 
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of 0.75 mm/minute. Six bars of cured composite 
pared and measured with results reported 
(MPa) as the average of the six measurements. 
Post-Cure Compressive Strength (CS) Test 

Compressive Strength was measured according to ANSI/ 
ADA Specification No. 27 (1993). Specifically, a composi- 
tion sample was healed Id 85" ( '.. packed into a 4-mm (inside 
diameter) glass tube, and the tube capped \\ ith silicone rubber 
plugs and compressed axially at approximately 0.28 MPa for 
5 minutes. The sample was light cured for 90 seconds by 
exposure to two oppositely disposed VISILUX Model 2500 
blue light guns (3M ( 'o. i and then irradiated lor 1 80 seconds 
in a 1 )entacolorXS light box ( Kul/er. Inc. ). The cured sample 
was then cut on a diamond saw to form cylindrical plugs 
8 -mm long for measurement of CS. The plugs were stored in 
distilled water at 37° C. for 24 hours prior to testing. Mea- 
surements were carried out on an Instron tester (Instron 4505, 
Instron Corp. )« ith a !0-ki!one\\ ton ! kN i load cell. Five plugs 
of cured composite were prepared and measured with results ^ 
reported in MPa as the average of the five measurements. 
Post-Cure Diametral Tensile Strength (DTS) Test 

Diametral Tensile Strength was measured according to 
ANSI/ADA specification No. 27 (1993). A composition 
sample was compressed in a glass tube and cured as described 25 
above for the Compressive Strength Test. The cured sample 
was then cut into discs 2.2-mm long for measurement of DTS. 
The disks were stored in water as described above and mea- 
sured w ith an Instron tester ( Instron 4505. Instron ( 'orp. ) vv ith 
a 1 0-kN load cell at a crosshead speed of 1 meter/minute. Five 30 
discs of cured composite were prepared and measured with 
results reported in MPa as the average of the five : 
ments. 



-continued 



2-lhdro.x>eth>l iiuHwcp. late i Sigma-Aldrich) 
l,8-Diazabicycol[5.4.( r]i ndec-7-ene i Sigma-Aldrich) 
Mm I diineth\ la/bctonc oligomer, prepared as described 
in hxamplc 6S old .S. patent application Scr. Nee 
09 884173. issued as U.S. Pat. No. 6,635,690 on 
Oct. 21. 2003 (Abuelvamanet at.) 
l)iiiretha.iicdiiiietliacr>la!e i R( 11 1 \M1- Rl 6661 -I I. 
Men outer 1'olviiicr and Dapte I ahs. Inc.. heastcivillc. 
PA) 

Six-mole edioxylated bisphenoi A dimethaciylate 
(Saromer("D541. Sartoiuer Co.. Ktai. PS i 
Iriethvlencglycol diniet liacn la'c iSaroiuer Co.) 
1 )iplicn\ I Iodoniu ii 1 Icxatlimrophospliatc iJcliiisoii 
Matthey. Alpha Aesar 1 >i\ ision. Ward Hill, NJ) 
2- (2d lydrcxy-S-inol hacix boxvel h\ Iphcii} I i-2 1 I- 
beii/otiaa/clc (Ciha Specialty Chemicals. Icrtyfovvai. N.I) 
I.e.\cre/-1 130-1 In pobester pohol (Index Cltciiiic.il 
Co.. Philadelphia. P, 



Abbreviations Definitions 



LEX11C 
LEX160 
LEX110-IEM 
LEX160-IEM 

THEIC-TA 

CHDM-DMA 

THEI(5)-IEM 

THEI(IO)- 
IEM 

BisGMA(5)- 
IEM 

GGDA(5>- 



Co.) 



ol ilno 



-1 U and IhM: 



35 I 



Reaction product between Lexorez-1 150-1 60 and IEM; 

TnsC-hxdroxxctl.xh isocxa nil rate I riacrvlatc (SR 368. 

SartomerCo.) 

Tris(2-hydroxyethyl) isocyanurate triacrylate (SR 290, 

Cvc ohe.xaue dimct lianol diniel iiacrylale ((1)401. 
SartomerCo.) 

Reaction product (1 :15:3 molar ralio) oil ,3,5-1ris(2- 
hydroxyel Ix l leva nine acid w ith Cipro lactone and 1 1 VI 

prepared as described herein 

Reaction p-odiicl ( 1 :3u:3 molar ratio) of 1 .3.5-1 ris(2- 
hvdroxvcl I y icva nine acid v\ ith e-caprolacto nc and IhM 
prepared as described herein 

Reaction p-odiicl ( 1 : 1(1:2 molar ratio] cldiisCiMA v, ith t- 
caprolactonc and IhM ptcparcd as described herein 
Reaction product (1:15:3 molar ratio) of Glycerol 1 ,3- 
diglyccrolatc diacrylate with 
prepared as described herein 



2.6-1 >i-1crl-bl.l> l-4-l iclliNlphcnol iSigina-Aldnch hint 
( licniicals, SI. Louis, MO) 
2,2-Bis[4-(2-hydroxy-3- 
]]iclhacrvlovloxvpropoxviphcnv]]^rop:inc 
CAS No. 1565-94-2 
( •;iniphorc|iii none ( Sigma-Aldrich) 
Ethyl 4-(N,N-di ' 



R972 
ARQ 
TPEG 



Iroplulic 1 



ncd i P> rogcnic i silica iCib-O-Sj] MS. 



Cabot Corp. .'use, 
Molhacryl si la nc-1 real cd liiincd (pyrogenic) silica 
(AhROSII. R-71 1. Dcgnssa Corp.. Parsnpanv. \.I i 
Hydrophobic fumed (pyrogenic) silica I MtROSII R-')72. 



\on 



mrfac 



it \RQI .\I) 211 f-75 i \kzo\ohc 
vfcCook, IL) 

mt Carbowax TPEG 990 (Dow, 



Silanc- hrcatcd Zr( ) , Si( ) , prepared as described m 
patent , | Sc. s 541.417. ahando led 

favor of U.S. Pat. No. 6,624,21 1, issued on 
Sept. 23. 2(1(13 (Karim) 

2- Isocyanal eerily] mediae relate (Sigma-Aldrich) 
1 Ivdroxv-lcrini tinted polycaprolactone l Dow] 

Reaction product between TONE 0230 Diol and IE 
prepared as described in ICS. patent app icalior So 
08 896.549. issued as U.S. Pat. No. 6.505.816 on 



el clh.oxvlalc (l'crslo'-p Speciality Chcmica 



Starting Materials 

) 

Polyethylene diol (PE-Diol, 25 grams (g)) and methacrylic 
anhydride (4.0 ml, Sigma-Aldrich) were added to a round- 
bollom llask along with BHT (0.02 g) to scavenge free radi- 
' cals. Tlie flask was purged with nitrogen for 10 minutes, and 
then heated with stirring overnight at 100° C. The resulting 
material was poured into methanol, recovered by filtration, 
dissolved in hoi toluene, repreeipitated \s ith methanol, again 
recovered by filtration, and dried overnight on a vacuum line. 
50 The dried solid was designated Resin A. Analysis by ^NMR 
indicated complete conversion of the diol to methaciy late 
functionality. 

Resin B 

55 A 58% by weight solution of octadecyl acrylate (Sigma- 
Aldrich) in ethyl acetate (82 g of solution), HEMA (2.5 g) and 
toluene (50 g) were charged into a 3-ncck reaction vessel 
equipped with magnetic stirring, a water-cooled condenser, a 
thermocouple and a nitrogen inlet. The solution was heated 

60 under nitrogen to 1 15° C. and, with stirring, tert-butylperoxy- 
benzoate (0.1 g, Sigma-Aldrich) dissolved in toluene (3 g) 
was charged into the vessel. A small exolherm ( temperature 
increase of approximately 3-5° C.) was observed. After 30 
minutes, 3.34 g of IEM in the presence of a ea la lytic amount 

65 of dibnlyltin dilaurate (0.1.8 g. Sigma-Aldrich) was tickled in 
order to functionali/e the pendant hydroxy 1 units of the resin. 
The resulting mixture was agitated overnight in a 60° C. 
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shaker bath. The resulting methacrylate lunctionnl resin was 
isolated by precipitation with methanol and subsequent fil- 
tration. The dried solid was designated Resin B. The meth- 
acrylale funcliiinali/alinn was conlirmed by crosslinking a 
mixture of the HEMA-IEM adduct and isooctyl acrylate in 5 
the presence of a photoinitiator, DAROCUR 1173 (Ciba- 
Geigy, Hawthorn, N.Y.), and exposure to UV light. 
Resin C 

A polycaprolaclone -barm star resin was prepared accord- 
ing to the following procedure. Polyol PP50 (35.6 g, 0.1 mole 10 
(mol)) and e-caprolactone (320.0 g, 2.8 mol, Sigma- Aldrich) 
were added to a glass vessel and heating under nitrogen to 
1 10° C. FASTCAT 4224 (0.21 g, 0.5 millimole (mmol), Ato- 
lina ( 'hemicals. Inc., Philadelphia, Pa.) was added and the 
mixture was heated at 170" ( '. lor live hours. After cooling, a 1 ^ 
tan, solid (melting point 48-52° C.) was formed, collected by 
1 i It ra t i on, and dried. The solid had an OH equivalent weight of 
709. A portion of the solid (50.0 g, 1 8 mmol) was mixed with 
methacrylic anhydride (11.09 g, 72 mmol, Sigma- Aldrich) 
and BHT (0.35 g, 1.6 mmol). After heating at 100° C. for 17 20 
hours and cooling to room temperature, a tan solid was 
obtained. The dried solid was designated Resin C. 
Resin D 

To a stirred solution of OligoVDM (25 g, 1.7xl0 _1 mol) 25 
andTHF (250 ml l under nitrogen were added octadecyl alco- 
hol (29.7 g, 1.1x10" 1 mol), HEMA (1 .5 g, 1 .2xl0" 2 mol), and 
DBU (0.2 g, 1.3xl0 -3 mol). The resultant suspension was 
heated to 40° C. and maintained at this temperature with 
stirring overnight lor approximately 12 hours. The resulting 30 
yellow-orange viscous liquid was isolated by pouring into 
methanol and evaporation of the methanol fill' sol \ em al 80" 
C. for 12 hours under a vacuum. The dried material was 
designated Resin D. 

THEI(10)-IEM 35 

Ina250-ml3-neck llask equipped w itha mechanical stirrer 
under nitrogen atmosphere. 1 .3.5-lrisi 2-hydroxyelhyl icya- 
nuric acid (4.30 g, 0.016 mol) was suspended in e-caprolac- 
tone (54.70 g, 0.48 mol) with a continuous stirring. A few 
drops of tin( II ) ethyl hexanoate were added and the mixture 40 
was heated at 130-150° C. overnight. A clear yellow liquid 
was obtained. The reaction temperature was lowered to 50° C. 
and then HI IT (50 nig) was added followed by 5 drops of 
dibutyllin dilaurate. IHIVl (7.66 g. 0.049 mol) was then 
charged at 50° C. over 45 minutes. After 20 minutes of stir- 45 
ring, the heat was turned off. The liquid solidified into a 
material that was characterized by IR. NMR and UPC. 
(Mw=6.46E+03, Mn=5.69E+03, P=1.14) 
THEI(5)-IEM 

This product was prepared as described for THE1(10)- 
IEM, except the amount of e-caprolactone was halved to 



27.35 g, 0.24 mol. The resulting product was isolated as a 
solid that was characterized by IR, NMR and GPC. 
(Mw=4.36E+03, Mn=2.859E+03, P=1.53) 

BisGMA(5)-IEM 

This product was prepared as described for THEI(10)- 
IEM, but utilizing a dry air atmosphere and the reactants Bis 
GMA (18.50 g, 0.036 mol), e-caprolactone (42.10 g, 0.369 
mol), and IEM (1 1 .6 g, 0.074 mol). The resulting product w as 
isolated as a solid that was characterized by IR and NMR. 

GGDA(5)-IEM 

This product was prepared as described for BisGMA(5)- 
IEM, but utilizing a dry air atmosphere and the reactants 
glycerol i .3-diglycerolate diacrylate (triglycerol diacry late), 
e-caprolactone, and IEM. The resulting product was isolated 

LEX110-IEM 

A mixture of 20.0 g (20 mmol) LEXOREZ-1 1 50- 1 1 0, 6.24 
g (40 mmol) 2-isocyanatoethyl methacrylate. 70 g acetone, 
and 0.03 g (0.05 mmol) dibutyltin dilaurate w as heated to 50° 
C. for 5 hours. The solvent was then removed under reduced 
pressure to provide the product as a white solid. 

LEX160-IEM 

A mixture of 20.0 g (28 mmol) LEXOREZ-1 1 50- 1 60, 8.57 
g (55 mmol) 2-isocyanatoethyl methacrylate, 70 g acetone, 
and 0.03 g (0.05 mmol) dibutyltin dilaurate was heated to 50° 
C. for 5 hours. The solvent was then removed under reduced 
pressure to provide the product as a white solid. 

Examples 1-14 and Comparative Example 1 (CE-1) 

Self-Supporting I ighl-( urable ( omposites 

Self-supporting, light-curable composites (Txamples 1-14 
and Comparative Example 1 ) were prepared according to the 
following procedure. The photoinitiator components were 
initially dissolved in bisGMA, UDMA, or bisGMA/UDMA/ 
bis-EMS6/TEGDM4 blend in a water bath. Then the ingre- 
dients (names and quantities for each example shown in Table 
1) were weighed into a MAX 20 plastic mixing cup having a 
screw cap (Flakteck, Landrum, S.C.) and the closed cup 
heated in an oven at 85 0 C . for 30 minutes . The cup was placed 
in a DAC 150 FV speed mixer (Flakteck) and spin mixing 
carried out for 1 minute at 3000 rpm. The cup was then 
reheated for 30 minutes at 85° C. followed by another minute 
of mixing at 3000 rpm to afford the final blended composite. 
A similar blended composite was made w ithout the pholoini- 
tiators (CPQ and EDMA) for ease of pre-cure physical prop- 
erty testing. 



Fumed Silica-(g) 



STZ ( PQ EDMA 
(g) (phr*) (phr) 



1 TONE0230-IEM-1.0 TPEG-0.1; 

M5-0.2 

TONE0230-IEM-2.99 TPEG-0.12 
M5-0.2 
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TABLE 1 -continued 



CM A i'Scini-( r>sl;illiiR 



Surfactant-(g) STZ CPQ EDMA 

Fumed Silica-(g) (g) (phr*) (phr) 



Resin B-l.o 
Resin C-2.0 
Resin C-l. 99 



TONE0230-IEM-1.9 
TONE0230-IEM-2.0 
TONE0230-IEM-4.0 
« TONE0230-IEM-5.6 



TPEG-0.2 
M5-0.2 



Denial Impression Tray Preparation and Simulated 
Use 

A self-supporting, light-curable composite was prepared 
according to the procedure described in Examples 1-14 with 
the names and quantities for each ingredient used in this 
Example 15 shown in Table 1. 

The bulk composite was pressed in a Carver press between 
two siliconized paper liners (TPK 7120, 3M Co.) to a thick- 
ness of approximately 2 mm and heated to 40° C. The two 
paper liners were discarded and the sheet was laminated 
manually under hand pressure at 40 ' ('. between two layers of 
a nonwoven fabric (SONTARA 8010, DuPont, Old Hickory, 
Tenn.). While still warm, a 1 0-cmxl 0-cm sheet of the result- 
ing laminate was placed over a stone model of a lower jaw, 
shaped to fit the contour loosely, and allowed to cool down to 
room temperature overnight. The contoured form was care- 
fully removed from the model and cut into the shape of an 
impression tray including a handle to provide a self-support- 
ing. malleable and curable custom tray. 

After several days of storage at room temperature the use of 
the custom tray was simulated on the stone model of the lower 
jaw. Several layers of wet Kleenex tissue paper were first 



placed along the complete arch, followed by placing the cus- 
tom tray on top. Custom fitting was easily achieved by apply- 
ing simple finger pressure along the whole length of the tray. 
Then the tray was tack cured for 20 seconds with a VISILUX 
. Model 2500 curing light (3M Co.), followed by further cure 
' for 180 seconds in a Dentacolor XS unit (Kulzer, Inc.). A 
hard, rigid, lough tray was therein' obtained. 

This tray was then filled with Imprint II Monophase 
Impressioning Material (3M Co.) and pressed against the 
stone model (without the layer of the tissue paper) and 
retained in place until the impression material hardened. \t 
this point the tray, together with the hardened impression 
material, was separated from the stone model to obtain the 
impression of the whole arch. Excellent adhesion was 
. observed between the hardened impression material and the 
non-woven surface of the tray. 

Examples 16-32 

Self-Supporting Light-Curable Composites 

Self-supporting, light-curable composites (Examples 
16-32) were prepared according to the procedure described 
for Examples 1-14 with the ingredient names and quantities 
for each example shown in Table 2). 



LEX160-IEM-1.S 
LEX110-IEM-0.S 
TONE0230-IEM- 



'I PKMi.12 
TPEG-O.12 



ARQ-0.11 
R972-0.54 
TO\E0230-IEM-1.18 TPEG-0.11 



THEI(10)-IEM-0.9> 
THEI(5)-IEM-1.95 
BisGMA(5)-IEM-l. 
GGDA(5)-IEM-1.9< 
THEIC-TMA-0.98 



M5-0.468 
TPEG-0.12 
M5-0.20 
TPEG-0.12 



14.80 
14.36 
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Ci.MA iScmi-C nslallilK 
(g) (g) 



1.95 THEIC-TA-1.95 
2.93 flll-.K -lA-u.vx 
2.52« CHDM-DMA-l.NK 



TPEG-0.12 
M5-0.46S 
TPEG-0.12 
M5-0.46S 
fPECj-0.1 1 



M5-0, 



.432 



3.50« None TPEG-0.11 
M5-0.5250 

3.24« TONE0230-IEM-0.36 TPEG-0.11 
M5-U.18 

3.24" TONEl)230-IEM-0.36 TPEG-0.11 
M5-0.45 

3.24« THEI(10)-IEM-0.36 TPEG-0.11 
M5-0.36 



"In Examples IS and 27-32. a vsm blend u as used in place of BisGMA. The blend CO 
sisled oi BisGMA .2V',„. I DMA ' 3 ^" u a BidAl \.f> , W,„. ;im | I IAjUM.A <<%>. 
"PI//1 - Blend of CPU :u.25 phr, and Id )\1A ■: 1 .n plir , phr - parts per 10c ] parts of bi: 
GMA and senn-cioslalline resin). 

'""'PI//2 - Blend ofCPQ (0.176 phr). Id )\1A (1.55 phr!. Dl'lHfP (0.517 phr). Bill 
(0.155 phr), and Benzotriazole (1.552 phr). 



Sample Kvaliiulions 



Examples 1-14, 16-32, and Comparative Example 



Composite samples (Examples 1 -1 4, 1 6-32, and Compara- 
tive Example 1) were evaluated lor prc-cure elastic and \ is- 
cous moduli, forpre-cure crown formation, and for post-cure 
flexural strength, fiexural modulus, compressive strength, 
and diametral tensile strength according to the Test Methods 
described herein. All samples passed the Pre-Cure (Town 
Formation Test, except for the Comparative Example 1 
sample that was very soft and not self-supporting. Results 
from the other evaluations are provided in Table 3 (Examples 
1-14 and Comparative Example 1) and Table 4 (Examples 
16-32). 



Example 1, in comparison with Comparative Example 1. 
shows that the addition of fumed silica and surfactant to the 
bisGMA significantly increased the elastic and viscous 

30 moduli of the resulting composite and thereby changed the 
physical nature of the composite from very soft to self-sup- 
porting. As shown in FIG. 2, the elastic and viscous moduli 
(( r 1 and G", respectively) are increased from approximately 
10 -1 (for Comparative Example 1 ) to approximately 10 5 Pas- 

35 cals (Pa) (for Example 1). This suggests that the Example 1 
composite has properties at room temperature more similar to 
those of the dental baseplate wax shown in FIG. 1. Further- 
more, the frequency dependence of the moduli of Example 1 
is reduced, indicative of a more solid-like character similar to 

40 that of the dental waxes. It is noted that unlike a dental wax 
that transforms above its melting point to a free-flowing liq- 
uid, the compositions of the present invention soften, but do 



i Number.: In Raivni loses arc S 



277(26) 44(6) 7933(805) 

323(13) 42(6) 8487(678) 

340(19) 52(11) 5275(630) 

319(21) 44(6) 5169(726) 

328(38) 42.5(7) 8928(194) 

284(16) 26(8) 4551(449) 

171(25) 28(2) 5146(356) 

263(13) 24(3) 7359(777) 

298(12) 42(4) 3410(354) 

272(31) 46(13) 3121(224) 

233(12) 33(8) 5688(1069) 

299(12) 39(7) 6429(608) 

356(6) 54(7) 3943(204) 

318(22) 45(10) 5430(742) 

296(16) 45(16) 1960(363) 
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not become free-lli >v> ing fluids ( i.e., liquids (above their melt- 
ing points or melting ranges. 

Examples 2-5. in comparison with Comparative Example 
1, show that the addition of TONE 0230-IEM light-curable 
polymer to the bisGMA signilicantly increased the elastic and 5 
viscous moduli of the resulting composite and thereby 
changed the physical nature of the composite from very soft 
to self-supporting. Additionally, it can be concluded from the 
results in Table 3 llial further addition of surfactant fumed 1(j 
silica ingredients increases the moduli, and that the moduli 
increases with increasing amounts of TONE 0230- 1EM poly- 
mer. It is theorized that these enhanced properties are due to 
the crystalline nature of the TONE 0230-IEM polymer. 

Examples 6-1 0, in comparison with Comparative Example 1 5 
1 . show that the addition of other types of polymers (Polymers 
A-D) can be added to the bisGMA in order to significantly 
increase the elastic and viscous moduli of the resulting com- 
posite in the same way that was achieved with the TONE 
0230-IEM polymer ( lomparison of Examples 8 and 9 shows 
the positive effect on moduli of adding a surfactant/fumed 
silica ingredient. 

Example 1 1, in comparison with Comparative Example 1 , 
shows that elastic and viscous moduli can be signilicantly is 
increased by the addition of surfactant ARQ alone (with no 
Polymer Additive) to the bisGMA. 

Examples 12-13, in comparison with Comparative 
Example 1, show that elastic and viscous moduli can be 
significantly increased by the addition of TONE 0230-IEM 30 
polymer plus surfactant TPEG (Example 12) or plus fumed 
silica M5 (Example 13) to the bisGMA. 

Example 14, in comparison with Comparative I ixample I . 
shows that elastic and viscous moduli can be significantly 3J 
increased by the utilization of high levels TONE 0230-IEM 
polymer alone (with no BisGMA). Following curing, all 
samples (Examples 1-14) were converted into a hard, tough 
material having adequate flexural modulus and flexural 
strength, compressive strength, and diametral tensile strength 4u 
to be useful as a dental article, e.g.. as a dental crown. 



It can be concluded from the results shown in Table 4 that, 
following curing, all samples (Examples 16-32) were con- 
verted into a hard, tough material having adequate flexural 
modulus and flexural strength, compressive strength, and 
diametral tensile strength to be useful as a dental article, e.g., 

Sample Evaluations (C'rv slallinily and Packabililv ) 

In addition to the testing results provided in Tables 3 and 4; 
Examples 2, 3, 13, 14, 24, 25, and 26; and the commercial 
material REVOTEK LC Resin (GC Dental Products Corp., 
Japan) were confirmed to contain a crystalline component 
having a melting point above 20° C. when evaluated accord- 
ing to the Pre-Cure DSC Test Method described herein. A 
sample of the commercial material SUREFIL High Density 
Posterior Restorative (Dentsply) showed the presence of a 
crystalline component hav ing a melting point below 20° C. 
That is. there is no crystalline component as defined herein. In 
contrast. DSC evaluations of Example 1 and the commercial 
materials PRODIGY Condensable Composite Restorative 
System (Kerr, Orange, Calif.) and TRIAD Visible Light Cure 
Provisional Material (Dentsply Caulk, Milford, Del.) sug- 
gested the absence of any crystalline component. The results 
of these DSC measurements are provided in fable 5. The 
Elastic Moduli (G') and Viscous Modulit (G") of the four 
commercial materials (according to the Test Method provided 
herein, except that samples w ere pressed without heating) are 
also provided in Table 5. 

TABLE 5 



\\I V. Mcliinj! IVini 
KM NM 27-43 (36.9) 

KM NM 29-43 (36.9) 

NM NM 27-43 (37.4) 



I)i:imelr:il Tensile 



125(14) 356(6) 72(11) 4380(199) 

130(15) 358(11) 74(5) 6649(325) 



141(11) 348(7) 65(5) 6125(473) 

142(8) 368(11) 66(6) 7029(380) 

135(14) 363(10) 66(13) 5533(343) 

109(10) 329(21) 85(4) 3348(355) 

114(10) 348(11) 68(3) 5098(299) 

105(12) 350(11) 64(11) 5289(251) 

131(13) 317(14) 82(3) 9864(454) 

155(14) 407(23) 82(12) 12497(421) 

136(14) 374(12) 62(3) 11920(574) 

153(18) 375(13) 70(7) 9088(365) 

173(15) 378(14) 83(8.2) 10299(786) 

172(7) 385(13) 93(7) 10079(477) 

157(16) 381(25) 92(5) 7604(491) 

147(13) 388(19) 82(9) 6896(392) 

151(7) 352(16) 80(10) 7547(403) 
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TABLE 5-continued 



29-43 (36.9) 
oadly from 0-35 (no 
peak) 



NM NM 



TRIAD 79.5 48.8 No Melting Point 

PRODIGY 83.3 41.7 No Melting Point 

SUREFIL 594 257 7-16 (11) 

REVOTEK" 883 437 32-75 (65.0) 



*NM - Not Measured 
"REVOTEK was further 

HIIlt llslim s1;tllil;inl :tll;t ylicil cdlllk Ik's. i.e. 

i a crucible, reduced to ash with a Bunsen bi. 



i hv ucidil iior^iiik' 



.Cluhd. 



Additionally, Examples 28-32 were shown to be packable 
composite materials when evaluated according to the Pre- 
Cure Composite Packability Test Method described herein. 25 
Commercial materials SUREFIL Restorative and PRODIGY 
Condensable Composite were also evaluated by the same 
Packability Test Method and determined to be packable com- 
posite materials. 

30 

Sample 1 .valuation 
Example 15 

The composite sample from 1 ixample 15 was evaluated for 35 
post-cure flexural strength and llexural modulus according to 
the Test Method described herein. Following curing the 
resulting hard, lough material had the following flexural 
strength and modulus values that were very acceptable for a 
material to be used as a dental article, e.g.. as a denial impres- 40 
sion tray. Flexural Strength=66 MPa (Standard Deviation=5 ) 
and Flexural Modulus=915 MPa (Standard Deviation^ 15). 

The complete disclosures of the patents, patent documents, 
and publications cited herein are incorporated by reference in 
their entirely as if each were individually incorporated. Vari- 45 
ous modifications and alterations to this invention will 
become apparent to those skilled in the art w ilhout departing 
from the scope and spirit of this invention. It should be under- 
stood thai Ibis in\ ention is not intended to be unduly limited 
by the illustrative embodiments and examples set forth herein s , 
and that such examples and embodiments are presented by 
way of example only with the scope of the invention intended 
to be limited only by the claims set forth herein as follows. 

What is claimed is: 55 

1. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 

greater than 60 wt-% of a filler system; and 

an initiator system; 60 

wherein the hardenable composition is in the form of a 
hardenable self-suppi >rl ing structure ha\ ing a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° ('.: and 

wherein the crystalline resin component is a polymeric 65 
material having crystallizable pendant moieties and the 
following general formula: 



wherein R is hydrogen or a (Cj-CJalkyl group, X is 
— CII 2 — — C(0)0— , — O— C(O)— , — C(0)— Nil— , 
— UN — C(0) — , — O— , — NH— , — O— C(0)— NH— , 
— HN— C(0)— O— , — HN— C(0)— NH— or 
— Si(CH 3 ) 2 — , m is the number of repeating units in the 
polymer, and n is great enough to provide sufficient side chain 
length and conformation to form polymers containing crys- 
talline domains or regions: 
with the proviso that if the filler system comprises fibers, 
the libers tire present in an amount of less than 20 wt-%, 
based on the total weight of the composition. 

2. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component: 
greater than 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure ha\ ing a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about f5° C. to 38° C; and 

wherein the filler system comprises an inorganic material 
comprising nanoscopic particles; 

with the proviso that if the filler system comprises fibers, 
the fibers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition. 

3. The dental product of claim 2 wherein the inorganic 
material comprises surface hydroxyl groups. 

4. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system: and 
an initiator system; 
a surfactant system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second 
shape al a temperature of about 15° C. to 38° C; 

with the proviso that if the filler system comprises fibers, 
the libers are present in an amount ol less than 20 wt-%. 
based on the total weight of the composition. 

5. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about f 5° C. to 38° C; and 

wherein the hardenable eompositionhas a G' value of about 
100 kPa to about 50,000 kPa at a frequency of about 
0.005 Hz; 

with the proviso that if the filler system comprises libers, 
the libers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition. 

6. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system; and 
an initiator system; 
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wherein the hardenable composition is in the form of a 
hardenable self-supporting structure hav ing a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 1 5" ( '. to 38° ( '.: and 

wherein the crystalline resin component has a dendritic, 5 
hyperbranched, or a star-shaped structure; 

with the proviso that if the filler system comprises fibers, 
the fibers are present in an amount ofless than 20 wt-%, 
based on the total weight of the composition. 

7. A dental product comprising a hardenable composition, to 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component: 
a filler system comprising inorganic nanoscopic particles 
having an average primary particle si/e of no greater 
than about 50 nm; 15 
a surfactant system: and 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure ha\ ing a lirst shape 
and sufficient malleability to be formed into a second 20 

8. The dental product of claim 7 which is a preformed 
crown, a preformed inlay, a preformed onlay, a preformed 
bridge, a preformed veneer, a preformed orthodontic appli- 
ance, a prelbrmed maxillolacial prosthesis, a preformed tooth :s 
facsimile, or a preformed tooth splint. 

9. The dental product of claim 7 w Inch is a tilling material. 

10. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 30 
greater man 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure ha\ ing a lirst shape 
and sufficient malleability to be formed into a second 35 
shape at a temperature of about 15° C. to 38° C; 

with the proviso that if the filler system comprises fibers, 
the fibers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition; 

wherein the dental product is a preformed crown, a pre- 40 
formed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint; 
and 

wherein the crystalline resin component comprises poly- 45 
esters, polyethers. polyoleiins. polythiocthers. polyary- 
lalkylenes. polysilanes. polyamides. polyuretbanes. or 
combinations thereof. 

1 1 .A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 50 

a resin system comprising a crystalline resin component: 

greater than 60 wt-% of a filler system; and 

an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a lirst shape ss 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; and 
wherein the crystalline resin component comprises poly- 
esters, polyethers, polyolefins, polythioefhers. polyary- 
lalkylenes, polysilanes. polyamides. polyuretbanes. or 60 
combinations thereof; 
with the proviso that if the filler system comprises libers, 
the fibers are present m an amount ofless than 20 wt-%. 
based on the total weight of the composition. 
12. The dental product of claim 7 wherein the filler system 65 
is present in an amount greater than 50 wt-%, based on the 
total weight of the composition. 



13. The dental product of claim 7 wherein the hardenable 
self-supporting structure ha\ ing a lirst shape has sufficient 
malleability to be formed into a second shape at a temperature 
ofaboutl5°C.to38°C. 

14. The dental product of claim 13 wherein the hardenable 
self-supporting structure having a first shape has sufficient 
malleability to be formed into a second shape substantially 
similar to the first shape. 

15. The dental product of claim 7 wherein if the filler 
system comprises fibers, the fibers are present in an amount of 
less than 20 w t-%. based on the total weight of the composi- 

16. The dental product of claim 7 wherein the resin system 
further comprises a noncrystalline resin component. 

17. The dental product of claim 7 wherein the crystalline 
resin component has a dendritic, hyperbranched. or a star- 
shaped structure. 

18. The dental product of claim 7 wherein upon hardening 
the structure in the second shape, the hardened structure has a 
flexural strength of at least about 25 MPa. 

19. The dental product of claim 10 wherein the hardenable 
composition has a sufficient malleability to be formed into a 
second shape at room temperature. 

20. The dental product of claim 10 wherein the filler system 
is greater than 70 wt-%. 

21. The dental product of claim 10 wherein at least a 
portion of the filler system comprises particulate filler. 

22. The dental product of claim 10 wherein uponhardening 
the structure in the second shape, the hardened structure has a 
flexural strength of at least about 25 MPa. 

23. The dental product of claim 10 w herein the crystalline 
resin component comprises a reactive group. 

24. The dental productofclaim 1 1 wherein uponhardening 
the structure in the second shape, the hardened structure does 
not require an additional \ entering material for the hardened 
dental product. 

25. The dental product of claim 24 w herein the crystalline 
resin component comprises saturated, linear, aliphatic poly- 
ester polyols containing primary hydroxyl end groups. 

26. The dental product of claim 25 wherein the hydroxyl 
end groups are modified to introduce polymerizable unsatur- 
ated functional groups. 

27. A dental impression tray comprising a hardenable com- 
position, wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
a filler system comprising inorganic nanoscopic particles 

having an average primary particle si/e of no greater 

than about 50 nm; 
a surfactant system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a lirst shape 
and sufficient malleability to be formed into a second 

28. The dental impression tray of claim 27 wherein the 
self-supporting structure has at least one structured surface. 

29. The dental impression tray of claim 28 wherein the 
structured surface is formed by a porous substrate. 

30. The dental impression tray of claim 28 wherein the 
structured surface is a microreplicated surface. 

31. A preformed dental crown comprising a composition 
comprising a resin system, a filler system, and an imtiator 
system; 

wherein the resin system comprises a crystalline resin 
component; 
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wherein the composition is in the form of a hardenable 
self-supporting structure ha\ ing a first shape and suffi- 
cient malleability to be formed into a second shape; and 

wherein the hardenable self-supporting structure having a 
first shape has suflicienl malleability to be formed into a 5 
second shape at a temperature of about 15° C. to 38° C. 

32. The preformed dental crown of claim 31 wherein the 
filler system is present in an amount greater than 60 wt-%, 
based on the total weight of the composition. 

33. Ilie preformed dental crown of claim 31 wherein the io 
filler system is present in an amount greater than 70 wt-%, 
based on the total weight of the composition. 

34 . The preformed dental crown of claim 3 1 wherein upon 
forming the second shape and hardening the structure in the 
second shape, the hardened structure does not need an addi- 15 
tional veneering material. 

35. Hie preformed dental crown of claim 31 which is in 



36. The preformed dental crown of claim 35 wherein the 
packaging is light-blocking packaging sufficient io protect -" 
the preformed dental crow n from conditions that would acti- 
vate the initiator system and cause premature hardening. 

37. The preformed dental crown of claim 31 further com- 
prising a resin material lining the crown. 

38. The preformed dental crown of claim 31 wherein the 25 
resin system comprises a compound of the formula: 



r 1 




wherein each Q independently comprises polyester seg- 
ments, polyamide segments, polyurethane segments, 
polyether segments, or combinations thereof. 

39. The dental product of claim 10 wherein the crystalline 
resin component comprises saturated, linear, aliphatic poly- 45 
ester polyols containing primary hydroxyl end groups. 

4(1. The dental product of claim 39 wherein the hydroxyl 
end groups are modified to introduce polymerizable unsatur- 
ated functional groups. 

41 . A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component: 

greater than 60 wt-% of a filler system; and 

an initiator system; 55 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; 

with the proviso that if the filler system comprises fibers, 60 
the fibers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition; 

wherein the dental product is a preformed crown, a pre- 
formed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed maxillofacial prosthesis. 6S 
a preformed tooth facsimile, or a preformed tooth splint; 



wherein the crystalline resin component is a polymeric 
material having crystallizable pendant moieties and the 
follow ing general formula: 



wherein R is hydrogen or a (CVC^alkyl group, X is 
— CH 2 — , — C(0)0— , — O— C(O)— , — C(O) — NH — , 
— HN — C(0) — , — O— , — NH— , — O— C(O)— NH— , 
— HN— C(0)— O— , — HN— C(O)— NH— , or 
— Si(CH 3 ) 2 — , m is the number of repeating units in the 
polymer, and n is great enough to provide sufficient side chain 
length and conformation to form polymers containing crys- 
talline domains or regions. 

42. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component: 
greater than 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure ha\ ing a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; 

with the proviso that if the filler system comprises libers, 
the libers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition; 

wherein the dental product is a preformed crown, a pre- 
formed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, ora preformed tooth splint; 

wherein the filler system comprises an inorganic material 
comprising nanoscopic particles. 

43. The dental product of claim 42 wherein the inorganic 
material comprises surface hydroxyl groups. 

44 . A dental product compri sing a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; 

w ith the prov iso that if the filler system comprises fibers, 
the fibers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition; 

wherein the dental product is a preformed crown, a pre- 
formed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint; 



45. A dental product comprising a hardenable composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system; and 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; 
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with the proviso that if the filler system comprises fibers, 
the fibers are present in an amount of less than 20 wt-%, 
based on the total weight of the composition; 

wherein the denial product is a preformed crown, a pre- 
formed inlay, a preformed onlay, a preformed bridge, a 
preformed ven cor. a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint; 

wherein the hardenable composition has a G 1 value of about 
100 kPa to about 50,000 kPa at a frequency of about i 
0.005 Hz. 

46. A dental product comprising a liardena ble composition, 
wherein the hardenable composition comprises: 

a resin system comprising a crystalline resin component; 
greater than 60 wt-% of a filler system; and l 
an initiator system; 

wherein the hardenable composition is in the form of a 
hardenable self-supporting structure ha\ ing a lirst shape 
and sufficient malleability to be formed into a second 
shape at a temperature of about 15° C. to 38° C; ; 

with the proviso that if the filler system comprises fibers, 
the libers are present in an amount of less than 20 w !-"<>. 
based on the total weight of the composition; 

wherein the dental product is a preformed crown, a pre- 
formed inlay, a preformed onlay, a preformed bridge, a ; 
preformed veneer, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint; 
and 

wherein the crystalline resin component has a dendritic, 
hyperbranched, or a star-shaped structure. 30 

47. The dental product of claim 24 wherein the dental 
product is a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed, maxillofacial prosthesis, 

a preformed tooth facsimile, or a preformed tooth splint. 35 

48. The dental product of claim 24 which is a filling mate- 

49. The dental product of claim 24 which is a dental 
impression tray. 

50. The dental product of claim 1 w herein the dental prod- 40 
uct is a preformed crown, a preformed inlay, a preformed 



onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint. 
51 The dental pn iduct of claim 1 w Inch is a tilling material. 

52. The dental product ofclaim 1 which is a dental impres- 

53 . The dental product of claim 2 wherein the dental prod- 
uct is a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint. 

54 . The dental product of claim 2 which is a filling material . 

55. The dental product of claim 2 which is a dental impres- 

56. The dental product of claim 4 wherein the dental prod- 
uct is a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint. 

57. The denial product ofclaim 4 w Inch is a tilling material. 

58. The dental product of claim 4 which is a dental impres- 
sion tray. 

59. The dental product of claim 5 wherein the dental prod- 
uct is a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint. 

60. The dental product of claim 5 which is a filling material. 

61. The denial product ofclaim 5 u Inch is a dental impres- 

62. The denial product ofclaim 6 w herein the denial prod- 
uct is a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 
orthodontic appliance, a preformed maxillofacial prosthesis, 
a preformed tooth facsimile, or a preformed tooth splint. 

63 . The dental product of claim 6 which is a filling material. 

64. The dental product ofclaim 6 which is a dental impres- 
sion tray. 
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This application is a di\ isional ol I I.S. application Scr. No. 
10/219,398, filed Aug. 15, 2002, now pending, which claims 
the benefit of U.S. Provisional Application Ser. No. 60/312, 
355, filed on Aug. 15, 2001, the entirety of which is incorpo- io 
rated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to materials, particularly dental 15 
materials, and methods of making and using. These materials 
have sufficient internal strength to lie funned into a desired 
shape that can be maintained during transportation and stor- 
age and with sufficient malleability to be subsequently cus- 
tomized into a second shape and then hardened. These mate- 20 
rials can be used in a variety of applications, including oral 
pn 'sthenic devices such as inlays, onlays, veneers, temporary 
crowns, permanent crowns, bridges, as well as fillings, orth- 
odontic appliances, tooth facsimiles or splints, and dental 
impression trays. 25 

BACKGROUND 

Restorative dentistry is an important market in today's 3Q 
dental industry. In particular, tooth repair w ith temporary and 
permanent crowns is a common procedure, typically requir- 
ing multiple dental appointments. Current technology uses 
pastes, two-part powder/liquid systems, preformed metal 
temporary crowns, and ceramic or porcelain/metal permanent 3J 

Currently available polymerizable resins are typically free 
radically polymerizable monomers (e.g., acrylates, meth- 
acrylates, and acrylamides). These are used together with 
initiator systems that typically include reducing agents, such 4 , 
as tertiary amines, and oxidizing agents, such as peroxides, as 
accelerators or activ ators for free radical polymerization and 
control of the rate of polymeri/ation. 

A typical procedure for making a provisional (i.e.. tempo- 
rary ) dental restorative involves the following steps. Initially. 45 
an alginate impression is taken before preparing the teeth. 
The impression is rinsed, set aside, and wrapped in a moist 
paper lowed, f he teeth are then prepared and the correct shade 
of acrylic powder is selected to match the natural teeth. An 
acrylic liquid resin and the acrylic polymeric powder, one of 50 
which includes a reducing agent and the other of which 
includes an oxidizing agent, are mixed together and placed in 
the impression. The impression is placed aside until the com- 
posit ion thickens and forms a dull appearance (approximately 
45-60 seconds). Meanwhile, the prepared teeth and surround- 55 
ing tissue are coated with a petroleum jelly, which ensures 
easy removal of the acrylic temporary from the preparation 
and protects the teeth and tissue from irritation by the acrylic 
mixture. The impression w ith the acrylic mixture is seated in 
the mouth and held in place for a su llicient time to allow it to 60 
harden to a removable state. The acrylic material is removed 
from the impression and gross excess acrylic is trimmed. The 
acrylic material is placed in and out of the mouth while the 
acrylic material is in a rubbery state. The acrylic material is 
remov ed from the mouth and sel aside until the acrylic is fully „< 
cured. The fit of the acrylic restorative is checked and adapted 
to fit, if necessary. Excess acrylic is trimmed with an acrylic 



bur or stone and polished to a smooth finish. The acrylic 
temporary is then cemented into place. 

It would be desirable to eliminate the initial mixing of the 
liquid resin and the polymeric pow der and thereby create such 
prosthetic devices more efficiently. It would also be desirable 
to eliminate the impression-taking step. 1 )eatal waxes, com- 
monly used for taking impressions in the mouth, exhibit many 
desirable properties for creating devices that are customized 
to a patient's mouth. These properties include malleability, 
low memory, sufficient strength to be self-supporting, and the 
thermal and rheological properties shown in FIG. 1. These 
wax (e.g., paraffin) materials typically have melting points 
near 55° C, with softening transitions near 40° C. Elastic and 
viscous moduli G' and G" are approximately 1 0 6 Pascals (Pa) 
at 25° C, sufficiently low to be easily deformed without being 
tacky. Although these materials exhibit desirable properties 
for creating devices customized to fit a patient's mouth, they 
are not hardenable (e.g.. through polymeri/ation). nor do they 
possess desirable properties such as compressive strength and 
wear resistance. As a result, these materials are not suitable 
for dental prosthetic applications. 

U.S. Pat. No. 6,057,383 (Volkel et al.) discloses a dental 
material based on polymerizable waxes, wherein the materi- 
als are malleable and curable; however, they are based on 
little or no filler, typically 0-60% by weight, and high 
amounts of waxes, typically more than 20% by weight. As 
such, these materials have generally poor mechanical prop- 
erties, such as flexural strength and wear resistance. Other 
thermoplastic molding compounds have been prepared, but 
these are typically highly viscous above their melting point 
(T m ), and somewhat elastic below T m due to the high molecu- 
lar weight of the included polymer. Moreover, these compo- 
sitions must typically be warmed significantly above room 
temperature before becoming malleable. 

ll would lie desirable lo have highly ill led materials that can 
be preformed into a desirable shape yet be sufficiently mal- 
leable, particularly at room temperature or body temperature, 
to form a custom-shaped device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Rheological response of dental wax (Baseplate 
Wax All-Season #2 Pink, Patterson Dental Supply, St. Paul, 
Minn.). Solid symbols represent elastic modulus G', while 
open symbols represent viscous modulus G". 

FIG. 2. Rheology of Comparative Example 1 (squares) and 
Example 1 (circles). Solid symbols represent G', while open 
symbols represent G". 

SUMMARY 

The present invention provides a composition that includes 
a resin system, a filler system, and an initiator system, 'f he- 
composition is in the form of a hardenable, self-supporting 
(i.e.. free-standing) structure having a first shape. The self- 
supporting structure has sufficient malleability to be 
reformed into a second shape, thereby providing for simpli- 
fied customization of a device, e.g., simplified customized 
fitting of a dental prosthetic device. Once reformed into a 
second shape, the composition can be hardened using, for 
example, a free radical curing mechanism under standard 
photopolymerization conditions to form a hardened compo- 
sition with improved mechanical properties. Significantly, for 
the compositions of the present invention up on hardening the 
structure in the second shape, the hardened st 
need an additional veneering material. 
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Herein, the "resin system" can include one or more resins, 
each of which can include one or more monomers, oligomers, 
and/or polymerizable polymers. 

The i cm! "self-supporting" means lh;il ihe composition is 
dimensionally stable and will maintain its shape (e.g.. pre- : 
formed diape of a crow n i vv ilhout significant deformation at 
room temperature (i.e.. about 20" ('. to about 25" C.) for at 
least about two weeks when freestanding (i.e., without the 
support of packaging or a container). Preferably, the compo- 
sitions of the present invention are dimensionally stable at i 
room temperature for at least about one month, and more 
preferably, for at least about six months. Preferably, the com- 
positions of the present invention are dimensionally stable at 
temperatures above room temperature, more preferably up to 
about 40° C, even more preferably up to about 50° C, and l 
even more preferably up to about 60° C. This definition 
applies in the absence of conditions that actuate the initiator 
system and in the absence of an external force other than 
gravity. 

The term "sufficient malleability" means that the self-sup- 2 
porting structure is capahleol'beingcustom shaped and lilted, 
for example, to a patient's mouth, under a moderate force 
(i.e., a force that ranges from light finger pressure to that 
applied with manual operation of a small hand tool, such as a 

The unique combination of highly malleable properties 
(preferably without healing above room temperature or body 
temperature) before hardening (e.g.. cure) and high strength 
(preferably, a flexural strength of at least about 25 MPa) after 
hardening provides a composition with numerous potential 30 
applications. These applications include, but are not limited 
to, dental restoratives and dental prostheses, including, but 
not limited to, temporary, intermediate, and permanent 
crowns and bridges, inlays, onlays, veneers, implants, den- 
tures, and artificial teeth, as well as dental impression trays, 35 
orthodontic appliances 'e.g.. retainers, night guards), tooth 
facsimiles or splints, maxillofacial prosthesis, and other cus- 
tomized structures. I he compositions of the present invention 
can also be used as filling materials (particularly packable 
materials), for example. 40 

A preferred embodiment of the invention is a composition 
that includes a resin system including a crystalline compo- 
nent, greater than 60 percent by weight (wt-%) of a filler 
system (preferably, greater than 70 wt-% of a filler system), 
and an initiator system, w herein the composilion is in the IS 
form of a hardenahle self-supporting structure ha\ ing a first 
shape. The self-supporting structure has sufficient malleabil- 
ity to be formed into a second shape, preferably at a tempera- 
ture of about 15° C. to 38° C. (more preferably, about 20° C. 
to 38° C, which encompasses typical room temperatures and >n 
body temperatures, and most preferably, at room tempera- 
lure). Advantageously, the compositions of the present inven- 
tion do not need to be heated above body temperature (or 
preferably, oven about room temperature) to become mal- 

Typically and preferably, at least a portion of the filler 
system comprises particulate filler. Preferably, in this and 
various oilier embodiments, if the filler system includes 
fibers, the fibers are present in an amount of less than 20 
wt-%, based on the total weight o f the composition. 60 

The crystalline component provides a morphology that 
assists in maintaining the self-supporting first shape. This 
morphology includes a noncovalent structure, vv hich may be 
a three-dimensional network (continuous or discontinuous) 
structure if desired, the crystalline component can include 65 
one or more reactiv e groups to provide sites for polymerizing 
and/or crosslinking. If such crystalline components are not 



present or do not include reactive groups, such reactive sites 
are provided by another resin component, such as an ethyl- 
enically unsaturated component. 

Thus, for certain embodiments, the resin system preferably 
includes at least one ethylenically unsaturated component. 
Pre ferret 1 ethy lenieallv unsaturated components are selected 
from the group consisting of mono-. di-,orpoly-acrylatesand 
methacrylates, unsaturated amities, vinyl compounds (in- 
cluding vinyl oxy compounds), and combinations thereof, 
this ethylenically unsaturated component can be the crystal- 
line component, although in certain preferred embodiments it 
is noncrystalline. 

The crystalline component can include polyesters, poly- 
ethers, polyolefins, polythioethers, polyarv lalkv lenes. pol- 
ysilanes, polyamides, polyurethanes, or combinations 
thereof. Preferably, the crystalline component includes satu- 
rated, linear, aliphatic polyester polyols containing primary 
hydroxyl end groups. The crystalline component can option- 
ally have a dendritic, hyperbranched, or star-shaped structure, 
for example. 

The crystalline component can optionally be a polymeric 
material (i.e., a material having two or more repeat units, 
thereby including oligomenc materials ) hav mg ciystallt/able 
pendant moieties and the follow ing general formula: 



— (CH 2 — CR) m — 

X (CH 2 )„— CH 3 



wherein R is hydrogen or a (Cj-CTjalkyl group, X is 
— CH 2 — , — C(0)0— , — O— C(O)— , — C(O) — NH — , 
— HN — C(O) — , — O— , — NH— — O— C(0)— NH— , 
— HN— C(O)— O— , — HN— C(O)— NH— , or 
— Si(CH 3 ) 2 — , in is the number of repeating units in the 
polymer (preferably, 2 or sore), and n is great enough to 
provide sufficient side chain length and conformation to form 
polymers containing crystalline domains or regions. 

Alternative to, or in combination with, the crystalline com- 
ponent, the composition can include a filler that is capable of 
providing a morphology to the composition that includes a 
noncovalent structure, which may be a three-dimensional 
network (continuous or discontinuous ) structure, that assists 
in the maintenance of the first shape. Preferably, such a filler 
has nanoscopic particles, more preferably, the filler is an 
inorganic material having nanoscopic particles. To enhance 
the formation of the noncovalent structure, the inorganic 
material can include surface hydroxyl groups. Most prefer- 
ably, the inorganic materia! includes fumed silica. 

furthermore, the use of one or more surfactants can also 
enhance the formation of such a noncovalent structure. A 
particularly preferred composition includes, in addition to a 
resin system and an initiator system, either;! crystalline com 
ponent, or a filler system that includes a nanoscopic particu- 
late filler (preferably, both a micron-size particulate filler and 
a nanoscopic particulate filler) and a surfactant system, or 
both a crystalline component and a filler system and surfac- 
tant system. As used herein, a filler system includes one or 
more fillers and a surfactant system includes one or more 
surfactants. 

Thus, another embodiment of the invention includes a 
composition that includes a resin system, a filler system at 
least a portion of which is an inorganic material having nano- 
scopic particles with an average primary particle size of no 
greater than about 50 nanometers (run), a surfactant system, 
and an initiator system. The composition is in the form of a 
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hardenable self-supporting structure having a lirst shape and 
sufficient malleability to be formed into a second shape, pref- 
erably at a temperature of about 15° C. to 38° C. In such 
preferred embodiments with a surfactant system and nano- 
scopic particles, the resin system preferably includes at least 5 
one elh\ lenically unsaturated component, and the filler sys- 
tem is present in an amount of greater than 50 wt-%. 

In a preferred embodiment, a composition of the present 
invention includes a resin system that includes: a noncrystal- 
line component selected from the group consisting of mono-. i> 
di-. or poly-acry lutes and methacn kites, unsaturated amities, 
vinyl compounds, and com hinai ion-, thereof; and a crystalline 
component selected from the group consisting of polyesters, 
polyethers. polyolelins. polythioethers, polyarylalkylenes, 
polysilanes, polyamides, polyurethanes, polymeric materials 15 
(including oligomeric materials i having ciystalli/ahle pen- 
dant moieties and the following general formula: 



X— (CH 2 )„— CH 3 



wherein R is hydrogen or a (C r C 4 )alkyl group, X is 
— CH 2 — , — C(0)0— , — O— C(O)— , — C(O) — NH — , 
— HN — C(O) — , — O— , — NH— , or — O— C(O)— NH— , 
— HN— C(O)— O— , — HN— C(O)— NH— , or 

Si(('II,) 2 . m is the number of repealing units in the 
polymer (preferably, 2 or more), and n is great enough to 3 
prov ide sulficienl side chain length audi conformation to form 
polymers containing crystalline domains or regions, and 
combinations thereof. The composition further includes 
greater than about 60 wt-% of a filler system and an initiator 
system, wherein the composition is in the form of a harden- 3 
able self-supporting structure hav ing a lirst shape. The self- 
supporting structure has sufficient malleability to be formed 
into a second shape at a temperature of about 15° C. to 38° C. 
Preferably, if the filler system includes fibers, the fibers are 
present in an amount of less than 20 wt-%, based on the total 
weight of the composition. 

In yet another preferred embodiment, a composition of the 
present invention includes a resin system comprising a crys- 
talline compound of the formula: 



o 

r 1 




wherein each Q independently comprises polyester seg- 
ments, polyamide segments, polyurethane segments, poly- 60 
ether segments, or combinations thereof: a filler system: and 
an initiator system: \\ herein the composition is in the form of 
a hardenable self-supporting structure having a first shape 
and sufficient malleability to be formed into a second shape. 

The compositions of the present invention can be in the 65 
form of a variety of dental products, which can be in rope 
form (as for filling materials), globular form, sheet form, or in 



the form of a preformed article, which is in a complex or 
semi-finished shape (as that ofa preformed crown). Typically, 
the dental products referred to herein are in a hardenable 
form, but the term can also be used for the final dental product 
in its hardened form. 

Preferred dental products include a preformed crown, a 
preformed inlay, a preformed onlay, a preformed bridge, a 
preformed veneer, a preformed orthodontic appliance, a pre- 
formed maxillofacial prosthesis, a preformed tooth facsimile, 
or a preformed tooth splint. Alternatively, the dental product 
can be a filling material (such as a packable material). Par- 
ticularly preferred dental products include a preformed crown 
and a preformed bridge, and more preferably, a preformed 



In one preferred embodiment, the present it 
vides a preformed dental crow n that includes a composition 
including a resin system, a filler system, and an initiator 
system, wherein the composition is in the form of a harden- 
able self-supporting structure hav ing a first shape and suffi- 
cient malleability to be formed into a second shape. 

The present invention also provides a dental impression 
tray. A preferred tray includes a resin system, a filler system, 
and an initiator system in the form of a hardenable self- 
supporting structure having a first shape and sufficient mal- 
leabilily to be formed into a second shape at a temperature of 
about 15° C. to 38° C. Preferably, the dental impression tray 
includes at least one structured surface. Preferably, the struc- 
tured surface is formed by a porous substrate. Alternatively, 
the structured surface is a microreplicated surface. 

The present invention also provides a method of preparing 
a composition. The method includes combining a resin sys- 
tem, a filler system, and an initiator system to form a mixture; 
and forming the mixture into a hardenable self-supporting 
structure having a first shape; wherein the hardenable self- 
supporting structure having a first shape has sufficient mal- 
leability to be formed into a second shape. 

The present invention also provides a method of preparing 
a dental product. The method includes: providing a compo- 
sition comprising a resin system, a filler system, and an ini- 
tiator system, wherein the composition is in the form of a 
hardenable. self-supporting, malleable structure having a lirst 
semi-finished shape (e.g., that ofa preformed crown or pre- 
formed bridge i: f irming the self-supporting, malleable struc- 
ture into a second shape; and hardening the self-supporting 
structure having the second shape to form a dental product. 
Preferably, forming the self-supporting, malleable structure 
into a second shape occurs at a temperature of about 1 5° C. to 
38° C. Herein, forming the self-supporting, malleable struc- 
ture into a second shape i iccurs under a force that ranges from 
iighl linger pressure to that applied with manual operation of 
a small hand tool, such as a dental composite instrument. 

The present invention also provides a method of preparing 
a dental tray. The method includes: providing a composition 
comprising a resin system, a filler system, and an initiator 
system, wherein the composition is in the form ofa harden- 
able. self-supporting, malleable structure hav ing a lirst semi- 
finished shape ofa preformed dental tray; forming the self- 
supporting, malleable structure into a second shape custom fit 
to the patient; and hardening the self-supporting structure 
having the second shape to form a dental tray. Preferably, 
forming the self-supporting, malleable structure into a second 
shape occurs a temperature of about 15° C. to38°C. 
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also provides a compound of the 




wherein each Q independently comprises polyester seg- 
ments polyamide segment*, polyurelhane segments, poly- 
ether segments, or combinations thereol'. 



The present invention provides a composition that includes 
a resin system, a filler system, and an initiator system in the 
form of a hardenable self-supporting (i.e., free-standing) 
structure having a first shape, prelerabK the shape of a dental 
crown. The resin system (one or more resins), tiller system 
(one or more fillers), and initiator system (one or more initia- . 
tors) are chosen such that: the composition can be relatively 
easily molded to form the initial sell-supporting structure: the 
self-supporting structure maintains its first shape at room 
temperature for at least about two weeks (in the absence of 
conditions that activate the initiator system and in the absence . 
of an external force other than gra\ ity). and the sell-support- 
ing structure has sufficient malleability to be reformed into a 
second shape (preferably at a temperature of about 1 5" ('. to 
38° C, more preferably, at a temperature of about 20° C. to 
38° C, and most preferably, at room temperature). 

The compositions of the present invention are particularly 
well suited for preformed dental products. As used herein, a 
preformed dental product is one that is provided to the dentist 
in the desired semi-finished shape (a first shape), which can 
then be modified (e.g.. molded, adapted, trimmed) for fit in a L 
patient (a second shape). I lerein. a semi-finished shape of a 
preformed article is the facsimile of what the final shaped 
article is to be. and is not the shape of a rope, globule, or sheet. 
This is described in greater detail below. Typically, this means 
that the compositions of the present invention have been , 
formed into a shape, preferably using a mold w ith a positive 
and negative impression, and the resultant shaped material 
released from the shaping de\ ice. preferably a mold. \\ ithout 
significant deformation. 

Although the compositions of the present invention are « 
particularly useful for pre formed crowns and other preformed 
dental products having a complex shape, they can be used is 
materials for preparing fillings, etc. 1 he requirements for the 
latter are less stringent when it comes to molding, removal 
from a mold, packaging, transportation, and the like, than is , 
required for preformed crowns or other preformed dental 
articles of a complex shape, typically because filling materi- 
als are provided to the dentist in a rope form. 

Generally, hardenable self-supporting compositions of the 
present invention have theological properties similar to waxes 
below the waxes" melting pi ants in that they can be relatively 
easily deformed (i.e., they are malleable) and exhibit low 



elastic recovery. However, the compositions of the present 
invention are not free-flowing fluids (i.e., liquids) above their 
softening points. That is, the compositions of the present 
invention display appreciable mass How under moderate 
(e.g., hand) pressure, but not liquid flow above their softening 

Typically, elastic and viscous dynamic moduli of harden- 
able compositions of the present invention vary over a wide 
range. Furthermore, the hardenable compositions are typi- 
cally largely free from tack. Preferably, the elastic dynamic 
modulus (i.e.. elastic modulus) G' is at least about 100 kilo- 
pascals (kl'a). more preferably, at least about 200 kl'a. and 
most preferably, at least about 1000 kPa, at a frequency of 
about 0.005 Hz. Preferably, the elastic modulus G' is no 
greater than about 50,000 kPa, more preferably, no greater 
than about 10,000 kPa, and most preferably, no greater than 
about 5000 kPa, at a frequency of about 0.005 Hz. Preferably, 
the \ iscous dynamic modulus (i.e.. \ iscous modulus) Ci" is at 
least about 50 kPa, more preferably, at least about 200 kPa, 
and most preferably, at least about 1 000 kPa, at a frequency of 
about 0.005 Hz. Preferably, the viscous modulus G" is no 
greater than about 50,000 kPa, more preferably, no greater 
than about 10,000 kPa, and most preferably, no greater than 
about 5000 kPa, at a frequency of about 0.005 Hz. 

The desired self-supporting (i.e., free-standing) structure 
of hardenable compositions of the present invention can be 
maintained by creating a morphology that includes a nonco- 
\alent structure, w hich may be a three-dimensional network 
(continuous or discontinuous) structure. This can result from 
the use of a crystalline component in the resin system, or the 
use of one or more fillers, typically aided by one or more 
surfactants, or the use of both a crystalline component and 
one or more fillers optionally combined with one or more 
surfactants. These components are discussed in more detail 

With the appropriate initiator system, e.g., a free radical 
photoinitiator. hardenable compositions of the present inven- 
tion can be hardened (e.g., cured) to form the desired product. 
Preferably, the resultant hardened composition (i.e., the hard- 
ened structure) has a llexural strength of at least about 25 
megapascals (MPa). more preferably, at least about 40 MPa, 
even more preferably, at least about 50 MPa, and most pref- 
erably, at least about 60 MPa. 

for certain applications (e.g.. crowns), the resultant hard- 
ened composition is an enamel-like solid, preferably hav ing a 
compressive strength of at least about 100 MPa. For other 
applications, such as dental impression trays, materials with 
lower compressive strengths can be used. 

For certain applications (e.g., crowns), the resultant hard- 
ened composition is an enamel-like so/lid. preferably ha\ ing a 
diametral tensile strength ol at least about 20 MPa. For other 
applications, such as dental impression trays, materials with 
lower diametral tensile strengths can be used. 

For certain applications (e.g.. crowns), the resultant hard- 
ened composition is an enamel-like solid, preferably ha\ ing a 
flexural modulus of at least about 1 000 MPa. For other appli- 
cations, such as dental impression trays, materials with lower 
llexural modulus call be used. 

Resin System 

Hardenable compositions of the present invention include 
a resin system. The resin system includes one or more hard- 
enable organic resins capable of forming a hardened material 
having sufficient strength and hydrolytic stability to render 
them suitable for use in the oral environment. 

As used herein, a resin includes one or more monomers, 
oligomers, and/or polymerizable polymers, including combi- 
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nations thereof. Although, in this context oligomers and poly- 
mers are both used, the terms "polymer" and "polymeric" are 
used herein to refer to any materials having 2 or more repeat 
units, thereby encompassing oligomers. Thus, unless other- 
wise speeitied. polymers include oligomers. Furthermore, the 
term polymer is use..! herein to encompass both homopoly- 
mers and copolymers, and the term copolymer is used herein 
to encompass materials with two or more different repeat 
units (e.g.. copolymers, lerpolymers. tetnipolymers). 

A preferred organic resin is hardenable (e.g.. polymeriz- 
able and/or crosslinkable). preferably by a free radical 
mechanism, and includes monomers, oligomers, and/or poly- 
mers. The resin system includes a reaclh e component (i.e., a 
component capable of polymerizing and/or crosslinking), 
which may or may not be crystalline. Resin systems that 
include noncrystalline reactive components may optionally 
include a crystalline component, which may or may not be 

Preferably, at least some of the resin components include 
ethylenic unsaturation and are capable of undergoing addi- 
tion polymerization. A suitable resin preferably includes at 
least one ethylenically unsaturated monomer (i.e., includes at 
least one carbon-carbon double bond). 

Examples of suitable polymerizable resin components 
include: mono-, di-, or poly-(meth)acrylates (including acry- 
lates and mefhacrylates) such as methyl acrylate, methyl 
methacrylate, ethyl acrylate, isopropyl methacrylate, n-hexyl 
acrylate. slearyl acrylate. alM acrylate. glycerol mono- and 
diacrylate, glycerol triacrylate, ethyleneglycol diacrylate, 
diethyleneglycol diacrylate. triethyleneglycol dimethacry- 
late, 1,3 -propanediol diacrylate, 1,3 -propanediol 
dimelhacrylate. trimelhylolpropane triacrylate. 1.2.4-bulan- 
etriol trimethacrylate, 1,4-cyclohexanediol diacrylate, pen- 
taerythritol triacrylate, pentaerythritol tetraacrylate. pen- 
taerythritol tetramethacrylate, sorbitol hexacrylate, bis(l-(2- 
aciy lox\ n-p-elhoxyphenyldimelhylmelhane. bisi l-(3- 
acryloxy-2 -hydroxy ))-p-propoxyphenyldimethylmethane, 
tris(hydroxyethylisocyanurate) trtmethaciy late, 2 -hydroxy - 
ethyl methacrylate, 2-hydroxypropyl methacrylate, tetrahy- 
drofurfuryl methacrylate, ethylene glycol dimethacrylate, tri- 
ethylene glycol dimethacrylate, bisGMA, ethoxylated 
bisphenolA diacrylate, ethoxylated bisphenolA dimethacry- 
late, polyethylene glycol dimethacrylate, the bis-acrylates 
and bis-mefhacrylates of polyethylene glycols of molecular 
weight 200-500, copolymerizable mixtures of acrylated 
monomers such as those of U.S. Pat. No. 4,652,274 (Boet- 
tcheret al.), and aeiy dated oligomers such as those of! I.S. Pat. 
No. 4,642,126 (Zador et al.); unsaturated amides such as 
(inelh)acrylainides (i.e.. acrylamides and melhacrylamides), 
methylene bis-acn damide. methylene bis-methacrydamide. 
1,6-hexamethylene bis-acrylamide, methylene triamine tris- 
acrylamide, and beta-methacrylamidoethyl methacrylate, 
diacetone acrylamide, and diacetone methacrylamide; ure- 
thane (ineth)acrylates: and vinyl compounds such as styrene, 
diallyl phthalate, divinyl succinate, divinyl adipate. and divi- 
nylphthalate. Mixtures of two or more such materials can be 
used if desired in the resin system. 

Preferably, the total amount of the resin system is at least 
about 10 wt-%, more preferably, at least about 13 wt-%. and 
most preferably, at least about 1 5 wt-%, based on the total 
weight of the composition. Preferably, the total amount of the 
resin system is no greater than about 60 wt-%, more prefer- 
ably, no greater than about 50 wt-%, and most preferably, no 
greater than about 40 wt-%, based on the total weight of the 
composition. 

The above-listed components are typically noncrystalline 
(i.e., amorphous). The resin system can also include a crys- 
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talline component to impart the noncovalent three-dimen- 
sional structure for maintaining the initial preformed shape. 
This crystalline component may or may not ha\e a react i\e 
group capable ol'pok meri/ing (also including crosslinking!. 

5 Preferably, the crystalline component is polymerizable. Pref- 
erably, the crystalline component is polymeric (including 
oligomeric). More preferably, the crystalline component is a 
polymerizable polymeric material. 

By "crystalline" it is meant that the material displays a 

l ( i crystalline melting point at 20° C. or above when measured in 
the composition by differential scanning calorimetry (1 )SC). 
The peak temperature of the observed endotherm is taken as 
the crystalline melting point. The crystalline phase includes 
multiple lattices in which the material assumes a conlbrma- 

15 tion in which there is a highly ordered registry in adjacent 
chemical moieties of which the material is constructed. The 
packing arrangement (short order orientation) w ithin the lat- 
tice is highly regular in both its chemical and geometric 
aspects. 

20 A crystalline component may be in a "semicrystalline 
state" in that long segments of polymer chains appear in both 
amorphous and crystalline slates or phases al 20" ('. or above. 
The amorphous phase is considered to be a randomly tangled 
mass of polymer chains. The X-ray diffraction pattern of an 

25 amorphous polymer is a diffuse halo indicative of no ordering 
of the polymer structure. Amorphous polymers show soften- 
ing behavior at the glass transition temperature, but no true 
melt or first order transition. A material in a semicrystalline 
state shows characteristic melting points, above which the 

30 crystalline lattices become disordered and rapidly lose their 
identity. The X-ray diffraction pattern of such "semicrystal- 
line" materials generally is distinguished by either concentric 
rings or a symmetrical array of spots, which are indicative of 
the nature of the crystalline order. Thus, herein a "crystalline" 

35 component encompasses semicrystalline materials. 

The crystalline component includes al least one material 
thatcrystalli/es. preferably abo\ e room temperature ( i.e.. 20 ' 
( '. to 25" ( '. ). Such crxstallimty. that may be pro\ ided by the 
aggregation of crystallizable moieties present in the compo- 

4> ' nent (e.g.. when the component is a polymer, in the backbone 
(i.e., main chain) or pendant substituents (i.e.. side chains) of 
the component), can be determined by well known crystallo- 
graphic, calorimetric. or dynamic/mechanical methods. For 
the purposes of the present invention, this component imparts 

is to the resin system at leasl one melting temperature (T,„) as 
measured experimentally (for example by DSC) of greater 
than about 20° C. Preferably, this component imparts a T m to 
the resin system of about 30° C.-lOO 0 C. If more than one 
crystalline material is used in the crystalline component. 

so more than one distinct melting point may be seen. 

The number average molecular weight of the crystalline 
component may vary over a broad range. Preferably, the 
molecular weight is less than 10,000 grams per mole fg molj. 
and preferably no greater than al> rut : 000 g > n< .1 Prefer, ibly. 

55 the molecular weight is at least about 150 g/mol, and more 
preferably at least about 400 g/m< f . At molecular weights less 
than about 150 the crystalline melting point may be too low. 
At molecular wei girts greater than about 10,000 the crystal- 
line melting point may be too high. 

60 The crystalline monomers suitable for use in the resin 
system include monomers containing methane, ether, ester, 
amide, imide groups, or combinations thereof. Preferred 
crystalline monomers contain reactive groups capable of 
polymerizing and/or crosslinking. Especially preferred are 

65 monomers with a reactive functionality greater than one. 

The crystalline polymers (including oligomers) suitable 
for use in the resin system can have crystalline main chain 
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(i.e., linear) or pendant (i.e.. side chain) segments. Preferred 
materials also contain reactive groups capable of polymeriz- 
ing and/or crosslinking. Especially preferred are crystalline 
oligomers or prepolymers \\ ilh a reactive functionality of al 
least two. 5 

1 Examples of suitable crystalline materials has ing crystal- 
lizable main chain or backbone segments include, but are not 
liniiled io. polyesters (including polycaprolaclones ). poly- 
ethers, polylhioethers. polynrylalkylenes. polysilanes. polya- 
mides, poly olefins (preferably, formed from lower, e.g., io 
C 2 -C 3 , olefins), and polyurefhanes. 

Preferred crystalline materials are saturated, linear, ali- 
phatic polyester polyols (particularly diols) containing pri- 
mary hydro xyl end groups. Examples of commercially avail- 
able materials useful as the crystalline component in the resin 1 ^ 
systems of the invention include some resins available under 
the trade designation LEXOREZ from Inolcx Chemical Co.. 
Philadelphia. Pa. Examples of other polyester polyols useful 
in the eon tposit ions of l he inv cut ion are those ,i\ ailable under 
the trade designation RUCOFLFX from Ruco Polymer 20 
Corp., Hicksville, N.Y. Examples of polycaprolactones that 
are useful in the invention include those available under the 
trade designations TONE 0230, TONE 0240, and TONE 
0260 from Dow Chemical Co., Midland, Mich. Especially 
preferred materials are saturated, linear, aliphatic polyester 25 
polyols that are modified (e.g., through primary hydroxyl end 
groups) to introduce polymerizable, unsaturated functional 
groups, e.g., polycaprolactone diol reacted with 2-isocyana- 
loethyl methacrylate. melhacryloyl chloride, or methacrylic 
anhydride. 30 

The crystalline materials may also have a dendritic, hyper- 
branched, or star-shaped structure, lor example, vv ilh varying 
degrees of branching. I )endritic polymers are polyfunctional 
compounds and include any of the known dendritic architec- 
tures including dendrimers, regular dendrons, dendrigrafts, 35 
and hyperbranched polymers. Dendritic polymers are poly- 
mers \v hit densely branched slruetures hav ing a large number 
of end reactive groups. A dendritic polymer includes several 
layers or generations of repealing units vv Inch all contain one 
or more branch points. Dendritic polymers, including den- 40 
drimers and hyperbranched polymers, can be prepared by 
condensation, addition, or ionic reactions of monomelic units 
having al least two different types of reactive groups. 

Dendritic polymers are comprised of a plurality of den- 45 
droits that emanate from a common core, which core usually 
comprises a group of atoms. Dendritic polymers generally 
consist of peripheral surface groups, interior branch junctures 
having branching functionalities greater than orequal to two. 
and divalent connectors that covalently connect neighboring 5Q 
branching junctures. 

Dendrons and dendrimers may be ideal or non-ideal, i.e., 
imperfect or defective. Imperfections are normally a conse- 
quence of either incomplete chemical reactions or unavoid- 
able competing side reactions. 55 

I lyperbranehed polymers are dendritic polymers that con- 
tain high levels of non-ideal irregular branching arrays as 
compared with the more nearly perfect regular structure den- 
drimers. Specifically, hypet branched polymers con tain a reta- 
in ely high number of irregular branching arrays in vv hich not ,, , 
every repeat unit contains a branch juncture. Consequently, 
hyperbranched polymers may be viewed as intermediate 
between linear polymers and dendrimers. Yet they are den- 
dritic because of their relatively high branch- juncture content 
per individual macromolecule. 65 

Star-shaped polymers typically consist of polymer chains 
emanating from a central core. 



The preparation and characterization of dendrimers, den- 
drons, dendrigrafts, hyperbranched polymers, and star- 
shaped are well known. Examples of dendrimers and den- 
drons. and methods of synthesizing the same are set forth in 
U.S. Pat. Nos. 4,507,466 (Tomalia et al.). 4.558,120 (Tomalia 
etal.), 4,568,737 (Tomalia et ah). 4.587.329 (Tomalia et al.), 
4,63i,337 (Tomalia et al.). 4.694.064 (Tomalia et al.), 4,713, 
975 (Tomalia et af). 4.737.550 (Tomalia). 4.871.779 (Killat 
et al.), and 4,857,599 (Tomalia et af ). Examples of hyper- 
branched polymers and methods of preparing the same are set 
forth, for example, in U.S. Pat. No. 5,418,301 (Hult et al.). 
Some dendritic polymers are also commercially available. 
For example. 3- and 5-generation hyperbranched polyester 
polyols may be obtained from Perstorp Polyols, Inc., Toledo, 
Ohio. Examples of star polymers and methods of preparing 
the same are set forth, for example, in U.S. Pat. Nos. 5,830, 
986 (Merrill, et af), 5,859,148 (Fiorggreve, et af), 5,919,870 
(Letchford. et af). and 6,252,014 (Knauss). 

The dendritic polymers useful in this invention may 
include any number of generations, preferably three to five 
generations. 

Generally, any of the known dendritic polymers having 
crystalline peripheral groups, or having peripheral groups 
that can be reacted with another compound to crystalline 
peripheral groups are suitable for use in the resin system in the 
compositions of this invention. Examples of suitable den- 
dritic polymers include pol\ ethers, polyesters, polyfhioefher, 
polyarylalkylenes, polysilanes, polyamides, polyurethanes, 
and any other condensation polymers. 

Examples of suitable crystalline polymeric materials hav- 
ing crystallizable pendant moieties i i.e.. side- chains) include, 
but are not liniiled to polymeric materials having the follow- 
ing general formula: 



wherein R is hydrogen or a (Ci-C^alkyl group, X is 
— CH 2 — , — C(0)0— , — O— C(O)— , — C(O) — NH — , 
— HN — C(0) — , — O— , — NH— — O— C(O)— NH— , 
— HN — C(0) — O — , — HN— C(O)— NH— , or 
— Si(CH 3 ) 2 — , in is the number id' repealing units in the 
polymer, andnisgreat enough to pro\ ide sufficient sidechain 
length and conformation to form polymers containing crys- 
talline domains or regions. Preferably, m is at least 2. and 
more preferably, 2 to 100, and preferably, n is at least 10. The 
crystalline polymeric materials may be prepared by the poly- 
mcri/ation of monomers containing the pendant ''side chain) 
crystallizable moieties or by the introduction of pendant crys- 
tallizable moieties by chemical modification of a polyacry- 
late. polyniethacrylate. polyacrylamide. polymethacryla 
mide, polyvinyl ester, or poly-a-olefin polymers or 
copolymers. The preparation and morphology/conforma- 
tional properties that determine the crystalline character of 
such side chain crystallizable or "comb-like" polymers are 
reviewed by Plate and Shibaev, "Comb-Like Polymers. 
Structure and Properties," Journal of Polymer Science, Mac- 
romolecular Reviews, 8, 117-253 (1974). 

Examples of suitable crystalline materials are aery late or 
methacrylate polymers derrt ed from acrylate or methacrylate 
esters of nontertiary higher alkyl alcohols . As used herein, the 
term "(meth)acrylate" means methacrylate or acrylate. The 
alkyl groups of these alcoln >ls contain at least about 12, pref- 
erably about 16-26, carbon atoms. Examples of crystalline 
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monomers that can be used to make crystalline polymeric 
materials include dodecyl (meth)acrylate. isotridecyl (meth) 
acrylate. n-tetradecyl (meth (acrylate. n-hexadecyl (meth) 
acrylate. n-octadecj I (meth lacrylate. beheny] (meth)acrylate. 
eicosanyl (methyl)acrylate, and mixtures thereof. Hexadecyl 
(methacrylates) and octadecyl (mclh lacrylates are commer- 
cially available from Monomer-Polymer & Dajac laborato- 
ries, Inc., Feasterville, Pa., and Polysciences, Inc., War- 
rington, Pa. (Meth)acrylate esters of non-tertiary alcohols, the 
alkyl portions of which comprise from about 30 to about 50 
carbon atoms, are commercially available under the trade 
designation UNIL1N from Petrolite Corp., Tulsa, Okla. As 
long as the crystalline oligomer or polymer has a melting 
point, it can include noncrystalli/able monomers. Acrylate or 
methacrylate or other vinyl monomers that are free-radically 
reactive may optionally be utilized in conjunction \\ ith one or 
more of (die side chain cryslalli/able aery late and methacry- 
late monomers provided that the resultant polymer has a 
melting or softening temperature above room temperature. 
Examples of such free-radically reactive monomers include, 
but are not limited to, tert-butyl acrylate, isobornyl acrylate, 
butyl methacrylate, vinyl acetate, acrylonitrile, styrene, 
isooctyl acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, and 
the like. Various combinations of these monomers can be 

Also suitable are side chain crystalline polymeric materials 

decene, poly-l-dodecene, poly- 1 -tetradeccne. and poly-1- 
hexadecene, and higher vinyl esters, such as vinyl tetrade- 
canoate, vinyl hexadecanoate and vinyl octadecanoate. 

Additional side chain crystalline polymeric materials for 
use in the present invention include polymers with pendant 
polymerizable groups. The pendant polyrncri/able groups 
niav be introduced bv the incorporation of functional mono- 
mers in the side chain crystalline polymer. 

Useful functional monomers include those unsaturated ali- 
phatic, cycloaliphalic. and aromatic compounds lra\ iirg up to 
about 36 carbon atoms that include a functional group 
capable of further reaction, such as a hydroxyl, amino, azlac- 
tone, oxazolinyl, 3-oxobutanoyl (i.e., acetoacetyl), carboxyl, 
isoeyanalo. epoxv. a/iridinvl. acvl halide. \ inyloxy. or anhy- 
dride group. 

Also suitable are functional monomers ha\ ing the general 
formula 



CH 2 =CR 2 A 
R 1 



wherein R 1 is hydrogen, a ((', to C 4 )alkyl group, or a phenyl 
group, preferably hydrogen or a methyl group; R 2 is a single 
bond or a divalent linking group that joins an ethylenically 
unsaturated group to functional group A and preferably con- 
tains up to 34, more preferably up to 1 8, most preferably up to 
10 carbon atoms, and, optionally, oxygen and nitrogen atoms 
and, when R 2 is not a single bond, is preferably selected from 



O O 

R 3 , COR 3 , and CNHR 3 



in which R~ is an alkylene group having 1 to 6 carbon atoms, 
a 5- or 6-membered cycloalkylene group having 5 to 10 
carbon atoms, or an alkylene-oxyalkylene in which each 
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alkylene includes 1 to 6 carbon atoms or is a divalent aromatic 
group having 6 to 16 carbon atoms: and A is a functional 
group, capable of reaction with a co-reactive functional group 
(\\ hich is part ol'an unsaturated monomer) to form a coxalenl 

5 bond, preferably selected from the class consisting of 
hydroxyl. amino (especially sce< mdary amino), carboxyl. iso- 
cyanato, aziridinyl, epoxy, acyl halide, vinyloxy, azlactone, 
oxazolinyl, acetoacetyl, and anhydride groups. 

Representative hydroxyl group-substituted functional 

to monomers include the hydroxyalkyl (meth)aciy dates and 
hydroxyalky] (meth)acrylamides such as 2 -hydroxy ethyl 
(meth)acrylate, 2-hydroxypropyl (mefh)acrylate, 3-chloro-2- 
hydroxypropylmethyl (meth)acrylate, 2 -hydroxy ethyl 
(meth)acrylamide, 4-hydroxycyclohexyl (meth)acrylate, 

is 3-acryloyloxyphenol. 2-(4-acryloyloxyphenyl)-2-(4-hy- 
droxyphenyl)propane (also called bisphenol A monoacry- 
late). 2-propyn-l -ol, and 3-butyn-l -ol. 

Representatb e amino group-substituted functional mono- 
mers include 2-methyl aminoethyl methacrylate, 3-amino- 

20 propyl methacrylate, 4-aminocyclohexyl methacrylate. N-(3- 
amrnophenyl lacrylamide, 4-aminostyrene. 
N-acry dovlethx lenediamine. and 4-aminophen\ 1-4-acrylami- 
dophenylsulfone. 

Representative azlactone group-substituted functional 

25 monomers include 2-ethenyl-l,3-oxazolin-5-one; 2-efhenyl- 

4- methyl-1.3-oxa/olin-5-one: 2-isopropenyl- 1.3-oxa/olin- 

5- one; 2-isopropenyl-4-methyl-l,3-oxazolin-5-one; 2-ethe- 
nyl-4,4-dimethyl-l ,3-oxazolin-5-one; 2-isopropenyl-4,4- 
dimethyl-l,3-oxazolin-5-one; 2-ethenyl-4-methyl-4-ethyl-l, 

30 3-oxazolin-5-one; 2-isopropenyl-3-oxa-l-aza[4.5]spirodec- 

1- ene-4-one; 2-ethenyl-5,6-dihydro-4H-l ,3-oxazin-6-one; 

2- ethenyl-4,5,6,7-tetrahydro-l,3-oxazepin-7-one; 2-isopro- 
penyl-5,6-dihydro-5,5-di(2-mcthylphcnyl)-4 
H-l,3-oxazin-6-one; 2-acryloyloxy-l,3-oxazolin-5-one; 

35 2-(2-acryloyloxy)ethyl-4,4-dimethyl-l ,3-oxazolin-5-one; 

2-elheiiyl-4.5-dniydro-6IJ-1.3-oxa/in-6-one. and 2-elhenyl- 

4,5-dihydro-4,4-dimethyl-6H-l,3-oxazin-6-one. 

Representative oxazolinyl group-substituted functional 

monomers include 2-vinyl-2-oxazoline, 2-isopropenyl-2-ox- 
40 azoline, 2-(5-hexenyl)-2-oxazoline, 2-acryloxy-2-oxazoline, 

2-(4-acryloxyphenyl)-2-oxazoline, and 2-methacryloxy-2- 

oxazoline. 

Representative acetoacetyl group-substituted functional 
monomers include 2-(acetoacetoxy)ethyl (methyl)acrylate, 
45 styryl acetoacetate, isopropenyl acetoacetate, and hex-5-enyl 
acetoacetate. 

Representative carboxyl group-substituted functional 
monomers include (meth)acrylic acid, 3-(meth)acryloyloxy- 
propionic acid, 4-(meth)acryloyloxy-butyric acid, 2-(inelh) 

50 acryloyloxy-benzoic acid, 3-(meth)acryloyloxy-5-methyl 
benzoic acid, 4-(meth)acryloyloxymethyl-benzoic acid, 
phthalic acid mono-(2-(meth)acryloyloxy-ethyl) ester, 2-bu- 
tynoic acid, and 4-pentynoic acid. 

Representative isocyanate group-substituted functional 
monomers include 2-isocyanatoethyl (meth lacrylate. 3-iso- 
propenyl dimethy benzyl isocyanate. 3-isocyanatopropyl 
(meth)acrylate, 4-isocyanatocyclohexyl (meth)acrylate, 
4-isocyanatostyrene. 2-methyl-2-propenoyl isocyanate. 4-(2- 
acryloyloxyethoxycarbonylamino iphenyl isocyanate. ally I 

60 2-isocyanatoethlylether. aird 3-isocyanato-l-propene. 

Representative epoxy groiip-suf.siiii.Hctl lunctional mono- 
mers include glycidy] (meth)acrylale, thioglycidyl (meth) 
acrylate. 3-(2.3-epoxypropoxy)phenyl (methjacrylate. 2-[4- 
(2.3-epoxypropoxy iphenyl |-2-(4-acryloyloxy -phenyl) 

65 propane. 4-(2.3-epoxypropoxy)cyclohexyl (methyl)acrylate, 
2.3 -epoxy cyclohexyl (meth)aciylate. and 3,4-epoxycyclo- 
hexyl (meth)acrylate. 
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Representative aziridinyl group-substituted functional 
monomers include N-(meth)acryloylaziridine. 2-( 1 -aziridi- 
nyl)ethyl (meth)acrylate, 4-(l -aziridinyl (butyl (metlnacry- 
late, 2-(2-(l-aziridinyl)ethoxy)ethyl (meth)acrylate, 2-(2-(l- 
aziridinyl)ethoxycarbonylamino)ethyl (meth)acry late. 12- 
(2-(2,2,3,3-tetramethyl - 1 -a/iridinyl let boxy carbonylamino) 
dodecyl (meth)acrylate. and l-(2-propenyl)aziridine. 

Representative acyl lialide group-substituted functional 
monomers include (meth)acryloyl chloride, a-chloroacry- 
loyl chloride, acryloyloxyacetyl chloride, 5-hexenoyl chlo- 
ride, 2-(acryloyloxy) propionyl chloride, 3-(acryloylthioxy) 
propionoyl chloride, and 3-(N-acryloyl-N-methylamino) 
propionoyl chloride. 

Representative vinyloxy group-substituted ftinctional 
monomers include 2-ethenyloxy)ethyl i meth)acrylate. 

3- (ethynylox)')-l-propene, 4-(ethynyloxy)-l-butene, and 

4- (ethenyloxy)butyl-2-acrylamido-2,2-dimefhylacetate. 
Representative an hydride group-substituted ftinctional 

monomers include maleic anhydride, aciylic anhydride, ila- 
conic anhydride, 3-acryloyloxyphthalic anliydride, and 
2-methacryloxycyclohexanedicarboxylic acid anliydride. 

Starting from the functional main chain (i.e., linear) or 
pendant (i.e., side chain) crystalline oligomers or polymer 
segments, the introduction of polymerizable groups prefer- 
ably takes place by reaction with suitable unsaturated com- 
pounds, in particular (meth)acrylic, ally], or vinyl com- 
pounds, according to known methods of organic chemistry. 
Polymerizable mcthacrylatc groups can be introduced, for 
example, by esterilication of alcohol groups on the polymer 
with melhacrylic acid or by acylation with methacrylic acid 
chloride or methacrylic acid anhydride. Furthermore, the 
reaction of alcohol groups on the crystalline polymer with 
2-isocyanatoethvl meihacrvlaie (II iM) is particularly suit- 
able. 

Analogously, the lunctionali/ed crystalline starting mate- 
rials can be modilied with other unsaturated polymeri/able 
groups, such lis acrylic. \ invl. allyl. \ inyl other, or slyryl in 
place of methacrylic groups. Suitable reagents are aciylic 
acid, acrylic acid chloride, vinyl acetic acid, and 4-vinyl 
benzoic acid. Preferred polymerizable groups are methacry- 
late and acrylate groups. 

Another crystalline component includes compounds of the 
formula: 




wherein each Q independently includes polyester segments, 
polyamide segments, polyurethane segments, polyether seg- 
ments, or combinations thereof. Preferably, each Q indepen- 
dently includes poly(caprolactone) segments. More prefer- 
ably, such crystalline compounds include polymeri/able 
groups, such as epoxy, acid, a lcohol, and ethylenically unsat- 
urated reactive sites. Particularly preferred such materials 
include unsaturated polymerizable groups, such as meth- 
acrylic, acrylic, vinyl, and styryl groups. 
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Filler System 

Fillers for use in the filler system may be selected from a 
wide variety of conventional fillers for incorporation into 
resin systems. Preferably, the filler system includes one or 

5 more conventional materials suitable for incorporation in 
compositions used for medical applications, for example, 
fillers currently used in dental restorative compositions. Thus, 
the filler systems used in the compositions of the present 
invention are incorporated into the resin systems, and particu- 

to larly mixed with the crystalline ci imponent of the resin sys- 

Fillers may be either particulate or fibrous in nature. Par- 
ticulate fillers may generally be defined as having a length to 
v idth ratio, or aspect ratio, of 20: 1 or less, and more com- 

15 monly 10:1 or less. Fibers can be defined as having aspect 
ratios greater than 20:1, or more commonly greater than 
100:1. The shape of the particles can vary, ranging from 
spherical to ellipsoidal, or more planar such as Hakes or discs. 
The macroscopic properties can be highly dependent on the 

20 shape of the filler particles, in particular the uniformity of the 

Preferred particulate filler is finely divided and has an 
average particle size (preferably, diameter) of loss than about 
10 micrometers (i.e., microns). Preferred micron-size par- 

25 ticulate filler has an average particle size of at least about 0.2 
microns up to 1 micrometers. Nanoscopic particles have an 
average primary particle size of less than 200 nm (0.2 
microns). The filler can have a unimodal orpolymodal (e.g., 
bimodal) particle size distribution. 

30 Micron-size particles are very effective for improving 
post-cure wear properties. In contrast, nanoscopic fillers are 
commonly used as viscosity and thixolropy modifiers. Due to 
their small size, high surface area, and associated hydrogen 
bonding, these materials are known to assemble into aggre- 

35 gated networks. Materials of this type ("nanoscopic" materi- 
als) have average primary particle sizes (i.e., the largest 
dimension, e.g., diameter, of unaggregated material) of less 
than 200 nanometers (nm). Preferably, the nanoscopic par- 
ticulate material has an average primary particle size of at 

40 least about 2 nanometers (nm), and preferably at least about 7 
nm. Preferably, the nanoscopic particulate material has an 
average primary particle size of no greater than about 50 nm, 
and more preferably no greater than about 20 mn in size. The 
average surface area of such a filler is preferably at least about 

45 20 square meters per gram (m 2 g), more preferably, at least 
about 50 nr/g. and most preferably, at least about 100 m 2 /g. 

The filler can be an inorganic material. It can also be a 
crosslinked organic material that is insoluble in the polymer- 
i/able resin, and is optionally filled w ith inorganic filler. The 

50 filler is preferably generally non-toxic and suitable for use in 
the mouth. The filler can be radiopaque, radiolucent, or non- 
radiopaque. Fillers as used in dental applications are typically 
ceramic in nature. 

1 'xamples of suitable inorganic fillers arc naturally occur- 

55 ring or synthetic materials such as quart/, nitrides (e.g.. sili- 
con nitride), glasses derived from, for example Ce. Sb. Sn. Zr. 
Sr, Ba, or Al, colloidal silica, feldspar, borosilicate glass, 
kaolin, talc, titania, and zinc glass, zirconia-silica fillers; and 
lowMohs hardness fillers such as those described in U.S. Pat. 

60 No. 4,695,251 (Randklev). 

Examples of suitable organic filler particles include filled 
or unfilled pulverized polycarbonates, polyepoxides. and the 
like. Preferred filler particles are quart/, submicron silica, and 
non-vitreous tnicroparticles of the type described in U.S. Pat. 

65 No. 4,503,169 (Randklev). Mixtures of these fillers can also 
be used, as well as combination fillers made from organic and 
inorganic materials. 
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Optionally, the surface of the filler particles may be treated 
with a surface treatment, such as a silane-coupling agent, in 
order to enhance the bond between the filler and the resin 
system. The coupling agent may be liinciionahzed u ilh reac- 
tive curing groups, such as acrylates, methacrylates, and the 5 
like. 

The filler particles used to impart a noncovalent structure 
can be composed of silica, alumina, zirconia. litania. or mix- 
tures of these materials with each other or with carbon. In 
their synthesized state, these materials are commonly hydro- I" 
philic, due to the presence of surface hydroxyl groups. How- 
ever, the materials may also be modified by treatment with 
appropriate agents, such as alkyl silanes. in order to modify 
this character. For example, the surface of a filler particle may 
be rendered neutral, hydrophobic, or reactive, depending on 15 
the desired properties, fumed silica is a pre I erred compound 
lor imparting self-supporting character, due to its low cost, 
commercial availability, and wide range of available surface 
character. 

Preferably, the total amount of filler system is greater than 20 
50 wt-%, more preferably, greater than 60 wt-%, and most 
preferably, greater than 70 wt-%, based on the total weight of 
the composition. If the filler system includes fibers, the fibers 
are present in an amount of less than 20 wt-%, based on the 
total weight of the composition. Preferably, the total amount - s 
of filler system is no more than about 95 wt-%, and more 
preferably, no more than about 80 wt-%, based on the total 
weight of the composition. Significantly, such high filler 
loadings with the resin systems of the present invention is 
unexpected, particularly in providing a malleable composi- 30 
tion. 

Initiator System 

The compositions of the present in\ en tion also contain an 
initiator system, i.e., one initiator or a mixture of two ormore 35 
initiators, which are suitable for hardening (e.g.. polymeriz- 
ing and/or crosslinking) of the resin system. The initiators arc 
preferably free radical initiators, w hich may be actuated in a 
variety of ways. e.g.. heal and or radiation. Thus, lor example, 
the initiator system can be a thermal initiator system (e.g., azo 40 
compounds and peroxides), or a photoinitiator system. Pref- 
erably, the initiator system includes one or more photoinitia- 
tors. More preferably, the initiator system includes at least 
one photoinitiator active in the spectral region ol about 300 
nanometers (nm) to about 1200 mn and capable of promoting 45 
free radical polymerization and/or crosslinking of ethyleni- 
cally unsaturated moieties upon exposure to light of suitable 
wavelength and intensity. A wide variety of such photoinitia- 
lors can be used. The photoinitiator preferably is soluble in 
the resin system. Preferably, they are sufficiently shelf stable 50 
and free of undesirable coloration to permit storage and use 
under typical dental operatory and laboratory conditions. Vis- 
ible light photoinitiators are preferred. 

One type of suitable initiator (i.e.. initiator system) is 
described in U.S. Pat. No. 5,545,676 (Palazzotto et al.), which 55 
includes a three component or ternary photoinitiator system. 
This system includes an lodonium salt, e.g., a diaryliodonium 
sail, w hichcanbeasimple salt (e.g.. containing an anion such 
as CT, Br, T, or C 2 H 5 S(V) or a metal complex salt (e.g., 
containing SbF 5 OH" or AsF 6 "). Mixtures of iodonium salts 60 
can be used if desired. The second component in this ternary 
photoinitiator system is a sensitizer, which is capable oflight 
absorption within the range of wavelengths of about 400 mn 
to about 1200 nm. The third component in this ternary pho- 
toinitiator system is an electron donor and includes amines 65 
(including aminoaldehydes and aminosilanes or other amines 
as described for the first initiator system), amides (including 



phosphoramides). ethers (including thioethers), ureas (in- 
cluding thioureas), ferrocene, sulfuric acids and their salts, 
salts of ferrocyanide, ascorbic acid and its salts, dithiocar- 
bamic acid and its salts, salts of xanthates, salts of ethylene 
diamine tetraacetic acid and salts of tetraphenylboronic acid. 

Examples of sensitizers suitable for use in a ternary pho- 
toinifiator svstem include ketones, eoumarin dyes (e.g., keto- 
coumarins). xanthene dyes, acridine dyes, thiazole dyes, thi- 
azine dyes, oxazine dyes, azine dyes, aminoketone dyes, 
porphyrins, aromatic polycyclic hydrocarbons, p-substituted 
aminostyryl ketone compounds, aminotriaryl methanes, 
merocyanines, squarylium dyes, and pyridinium dyes. 
Ketones (e.g.. monoketones or alpha-diketones), ketocou- 
marins. aminoarylketones. and p-substituted aminostyryl 
ketone compounds are preferred sensitizers. Examples of 
particularly preferred visible light sensitizers include cam- 
phorquinone. glyoxal. biacetyl. 3.3.6.6-tetramethylcyclohex- 
anedione. 3.3.7.7-tetramethyl- 1 .2-cycloheptanedione. 3.3.8. 
8-tetramethyl- 1 ,2-cyclooctanedione. 3.3, 1 8, 1 8-tetramethyl- 
1,2-cyclooctadecanedione, dipivaloyl, benzil, furil, 
hydroxybenzil. 2.3-butanedionc. 2.3-pcntancdionc. 2.3-hex- 
anedione, 3,4-hexanedione, 2,3-heptanedione, 3,4-hep- 
tanedione, 2,3-octanedione, 4,5-octanedione, and 1,2-cyclo- 
hexanedione. ( )f these, eamphorquinone is the most preferred 



Yet another type of photoinitiator includes acylphosphine 
oxides, such as those described in European Pat. Application 
No. 173567 (Ying). Suitable acylphosphine oxides arc pref- 
erably of the general formula (R 4 ) 2 — P(=0) — C(=0) — R 5 , 
wherein each R 4 is indi\ idually a hydrocarbon group, prefer- 
ably an alkyl group, alicyclic group, aryl group, and aralkyl 
group, any of which can be substituted with a halo-, alkyl- or 
alkoxy-group, or the two R 4 groups can be joined to form a 
ring along with the phosphorous atom, and wherein R 5 is a 
hydrocarbon group, preferably, a S — , O — , or N-containing 
five- or six-membered heterocyclic group, or a — Z — C 
(=0) — P(=0) — (R 4 ) 2 group, wherein Z represents a diva- 
lent hydrocarbon group such as alkylene or phenylene having 
from 2 to 6 carbon atoms. Examples of suitable acylphos- 
phine oxides include bis(2,4,6-trimethylbenzoyl)phenyl 
phosphine oxide, for example. Optionally, tertiary amine 
reducing agents may be used in combination with an 
acylphosphine oxide. Illustrative tertiary amines useful in the 
invention include those described above as well as ethyl 4-(N, 
N-dimethylamino)benzoate and N,N-dimethylaminoethyl 
methacrylate. 

Mono- and di-ketones can also be used as photoinitiators. 
Examples of such systems are described in U.S. Pat. No. 
4,071,424 (Dart et al.). 

Still another class of photoinitiators includes ionic dyc- 
counterion complex initiators that include a borate anion and 
a complementary cationic dye. Borate anions useful in these 
photoinitiators generally can be of the formula B(R 6 ) 4 " 
wherein each R 6 is independently an alkyl, aryl, alkaryl, ally], 
aralkyl, alkenyl, alkynyl, alicyclic, and saturated or unsatur- 
ated heterocyclic groups. Cationic counterions can be cat- 
ionic dyes, quaternary ammonium groups, transition metal 
coordination complexes, and the like. Cationic dyes useful as 
counterions can be cationic methine. polymethinc. triarylme- 
thine, indoline, tliiazin, xanthene, oxazine or acridine dyes. 
Quaternary ammonium groups useful as counterions can be 
Irimethylcetylammonium, cetylpyridinium, and tetramethy- 
lammonium. Other organophilic cations can include pyri- 
dinium, phosphonium, and sulfonium. Catio 
metal coordination complexes that ma; be useful a: 
rions can be complexes of cobalt, ruthenium, c 
iron, and iridium with ligands such as pyridine. 2,2'-bipyri- 
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dine. 4,4'-dimethyl-2,2'-bipyridine, 1,10-phenanthroline, 
3.4.7.8-tetramethylphenanthroline. 2.4.6-tri(2-pyridyl-s-tri- 
a/inej and related ligands. Borate salt photoinitiators are 
described, for example, in U.S. Pat. Nos. 4.772.530 
(Ciottsehalk et al.). 4.954.414 (Adair et al.), 4,874,450 5 
(Gottschalkj. 5.055.372 (Shanklin et al.), and 5,057,393 
(Shanklinet al.;. 

Preferred visible light-induced initiators include cam- 
phorquinone combined with a suitable hydrogen donor (e.g., 
an amine such as those described above for the first initiator 10 
system;, and optionally a diaryliodonium simple or metal 
complex salt, chromophore- substituted halomethyl-s-triaz- 
ine. or halomelhyl oxadia/ole. Particularly preferred \ isible 
light-induced photoinitiators include combinations of an 
alpha-diketone. e.g.. camphorqninone w ith additional hydro- i s 
gen donors, and optionally a diaryliodonium salt. e.g.. diphe- 
nyliodonium chloride, bromide, iodide or hexalhiorophos- 

Preferred ultraviolet light-induced polymerization initia- 
tors include ketones, such as benzyl and benzoin, acyloins, 20 
and acyloin ethers. Preferred ultraviolet liglit-induced poly- 
merization initiators include 2,2-dimethoxy-2-phenylac- 
etophenone available under the trade designation IKUA- 
CURE 651 and benzoin methyl ether (2-methoxy-2- 
phenylacetophenone), both from Ciba Specialty Chemicals 25 
Corp., Tarrytown, N.Y. 

The initiator system is present in an amount sufficient to 
provide the desired rate of hardening (e.g.. polymerizing and/ 
or crosslinking). For a photoinitiator. this amount will be 
dependent in part on the light source, the thickness of the layer 30 
to be exposed to radiant energy, and the extinction coefficient 
of the photoinitiator. Preferably, the initiator system is present 
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al leasi about 0.03 w l-"c. and most pr 
0.05 wt-%, based on the weight of the composition. Prefer- 35 
ably, the initiator system is present in a total amount of no 
more than about 10 wt-%, more preferably, no more than 
about 5 wt-%. and most preferably, no more than about 2.5 
wt-%, based on the weight of the composition. 

40 

Surlactant System 

The compositions of the invention may contain a surfactant 
system, i.e.. one surfactant or a mixture of two or more sur- 
factants. These surfactants, w hen used in small amounts may 
interact with other components of the composition, such as an 45 
inorganic filler material, to enhance the formation of a non- 
covalent three-dimensional structure. Such surfactants can be 
nonionic. anionic, or cationic. The suiiactanUs ) can be copo- 
lymerizable with the resin system or non-eopolymori/ablc. A 
consideration in the choice of a surfactant that can be used is 50 
the degree to w hich the ingredients of the system are able to 
participate in hydrogen bonding. 

Preferably, the total amount of surlactant system is at least 
about 0.05 wl %. more preferably, at least about 0.1 wt %. 
and most preferably, at leasl about 0.2 wt-%. based on the ss 
total weight of the composition. Preferably, the total amount 
of surfactant system is no more than about 5.0 wt-%. more 
preferably, no more 1 ban about 2.5 wl-%. and most preferably, 
no more than about 1 .5 wt-%. based on the total weight of the 
composition. 60 

Typical nonionic surfactants are usually condensation 
products of an organic aliphatic or alkylaromalic hydropho- 
bic compound and an alkylene oxide, such as ethylene oxide, 
which is hydrophilic. The length of the ethylene oxide chain 
of the condensation product as well as the length of the 65 
starting hydrocarbon compound can be adjusted to achieve 
the desired balance between the hydrophobic and hydrophilic 



elements. Examples of such surfactants include nonylphe- 
noxypoly (ethyleneoxy) ethanols available under the trade 
designation IGEPAL CO from Pvhone-Poulenc, Cranbury, 
N.J., and nonylphenyl polyethylene glycol ethers available 
under the trade designation TERGITOL NP from Dow 
Chemical Co.. Midland. Mich. 

Other nonionic surfactants include, but are not limited to, 
sorbitan fatty acid esters available under the trade designation 
SPAN from ICI, Runcorn ( "heshire. I K. and polyoxyethyl- 
ene sorbitan fatty acid esters available under the trade desig- 
nation TWEON from ICI. Still other satisfactory nonionic 
surfactants include, but are not limited to, short chain poly- 
functional molecules like glycerine, ethylene diamine, ethyl- 
ene glycol, propylene glycol: and long chain polylunelional 
molecules like polyalkylene glycols available under the trade 
designation UCON from Dow Chemical, polyoxyethylene 
sorbitol available under the trade designation ATLAS G-2240 
from K 'I. polyethylene glycols and their methyl ethers avail- 
able under the trade designation CARBOWAX from Dow 
Chemical. 

Typical cationic surfactants include, but are not limited to, 
quaternary ammonium salts in which at least one higher 
molecular weight group and two or three lower molecular 
weight groups are linked to a common nitrogen atom to 
produce a cation, and wherein the electrically-balancing 
anion is selected Ifom the group consisting of a halide (e.g., 
bromide or chloride), acetate, nitrite, and lower alkosulfate 
(e.g., methosulfate). The higher molecular weight 
substituent(s) on the nitrogen is/are often (a) higher alkyl 
group(s), containing at least about 10 carbon atoms, and the 
lower molecular weight substitiienls may be lower alkyl of 
about 1 to about 4 carbon atoms which may be substituted 
w ith hydroxy. ( )neor more of the substiluenls may include an 
aryl moiety or may be replaced by an aryl moiety, such as 
benzyl or phenyl. Among the possible lower molecular 
w eight substiluenls are also low er alkyls of about 1 to about 4 
carbon atoms substituted by lower polyalkoxy moieties such 
as polyoxyethylene moieties bearing a hydroxyl end group. 
Examples ofusetul quaternary ammonium halide surlactants 
for use in the present invention include, but are not limited to, 
bis(hydrogenated tallowalkyl) dimethyl quaternary ammo- 
nium chloride available under the trade designation 
ARQUAD 2HT-75 from Akzo Nobel, McCook, 111, dimethyl 
di(cocoalkyl) quaternary ammonium chloride available 
under the trade designation ARQUAD 2C-75 from Akzo 
Nobel, and N-(tallowalkyl) 1 .3-propanediamine dioleate 
available under the trade designation DUOMEEN TDO from 
Akzo Nobel. 

Typical anionic surfactants include, but are not limited to, 
dihexy l sodium sulfosuccinate available under the trade des- 
ignation AEROSOL MA from BASF, Ludwigshafen, Ger- 
many, dioctyl sodium sulfosuccinate available under the trade 
designation ALROWET D-65 from Ciba Specialty Chemi- 
cals, the sodium salt of a polymerized carboxylic acid avail- 
able under the trade designations DAXAD 30 from W.R. 
Grace, Columbia, Md, TAMOL 731 from Rohm and Haas, 
Philadelphia. Pa., sodium alkylnaphthalene sulfonate avail- 
aide under the trade designat it 'it NKKAL BA-75 from Rohm 
and Haas, as well as sodium oleate, sodium stearate, sulfated 
castor oil, zinc hydroxy stearate, all of which are available 
from a variety of suppliers. 

Optional Additives 

The composition max' additionally include optional agents 
such as colorants (e.g., pigments conventionally used for 
shade adjustment ). Ilav orants. medicaments, stabilizers (such 
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as 151 1*1 j. \ iscosily modifiers, unci the like. Such agents may 
optionally include reactive functionality so lhal they will be 
copolymerized with the resin. 

Methods of Use and Products 

The compositions of the present invention can be shaped 
(e.g., molded) into a variety of forms like three-dimensional 
shapes, preformed sheets, arch-shaped trays, ropes, buttons, 
woven, or non-woven webs, and the like. The composition 
can be shaped (to form a first shape; in a variety of ways . 
including, for example, extruding, injection molding, com- 
pression molding, thermoiorniing. vacuum forming, press- 
in c len erin iti i pi ( ismg rollers. Typically, 
a semi finished shape is formed using a mold with a positive 
and negative impression. j 

The shaped articles can be sold individually or in multiple 
units, preferably packaged in a way that protects them from 
heat and/or light that can activate the initiator system con- 
tained in the composition. 

Generally, a prefonned article of appropriate size and ; 
shape (the first shape) is selected and custom shaped at a 
temperature of about 15° C. to 38° C. (preferably, about 20° 
C. to 38° C, which encompasses typical room temperatures 
and body temperatures, and more preferably, at room tem- 
perature). This shaping can be done by a variety of methods - 
including applying pressure w ith lingers or an instrument of 
choice (e.g., hand operation of dental composite instrument), 
trimming. ( 'tilting, sculpting, grinding, etc. Once the desired 
custom shape has been achiex ed. the article is hardened (e.g., 
cured) by exposing it to heat radiation to cause activation of ■■ 
the initiator system. This can be done either in a single step, or 
in multiple steps with successive steps of custom shaping 
being clone in-between. One or more of these steps can be 
carried out in an oxygen-free inert atm< isphere i ir in vacuum. 
After the final shaping and hardening steps, the hardened ; 
article can be further modified in shape by grinding, trim- 
ming, etc., if desired. Once the final custom shape of the 
article has been obtained, it can be polished, painted, or 
otherwise surface treated, if required for the intended appli- 
cation. Prelerably. the final custom shaped articles prepared i 
from the compositions of the present invention do not need an 
additional veneering material (e.g., a second material that 
provides a desired appearance or property). The intended 
application may require mounting, bonding, or otherwise 
attaching the custom shaped cured article to a second object l 
adhesively, mechanically, or by combination of both. 

For the preparation ofa pro\ isional dental crow man appro- 
priate shape and size of a preformed crown is selected and the 
preformed crown is sealed on the prepared loolh lo determine 
the extent o f trimming and shaping required, optionally mak- : 
ing marks on the crown. The preformed crown is removed 
from the mouth, the required shape and size adjustments are 
made by cutting, trimming, shaping, etc.. mid then re-seated 
n the- tooth pi ii 1 i i il sli ij c idjustments 

are made to provide optimum custom fit. including gingh al. ; 
lateral, and occlusal fit. The preformed and reshaped crown 
can then be hardened, typically by exposing it to a dental 
curing light for a few seconds, if desired, while in the mouth, 
and then removing it carefully from the mouth and exposing 
it for final cure to a curing light in a cure chamber, optionally < 
in combination with heat. Alternatively, the crown can also be 
completely cured in the mouth by irradiating il w ith a dental 
curing light. Final adjustments are made by grinding, trim- 
ming, etc., if required, and the finished crown is polished and 
cleaned. The finished crown can then be cemented as is or < 
lined with a suitable resin material prior to placement in the 
mouth. 
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This invention also includes a customizable dental impres- 
sion tray, formed from a self supporting composition as 
described herein. Dental trays are commonly used to obtain 
accurate impressions ofa patient's teeth. Commonly, the tray 
is supplied as a preformed non-customizable item, albeit in a 
range of sizes. This tray is tilled w ith an impression matei ial 
(e.g.. one or more flowable elastomeric materials, such as 
polyvinylsiloxane, polyether, or polysulfide) and pressed 
around the teeth of the upper or lower jaw. The impression 
material contained within the tray is then cured in place. More 
accurate impressions can be obtained with increased patient 
comfort through the use ofa customized tray, which can be 
shaped to fit the patient's mouth more accurately than a 
generic "one size kits all" tray. Thus, the compositions of the 
present in\ cntion can be used to make a customizable dental 
impression tray. 

One of the major requirements for a dental impression tray 
is that the impression material adheres to the interior surface 
of the tray. Due to their shape, a mechanical interlock is 
typically formed between the teeth and the impression mate- 
rial during curing. Although the impression material may be 
flexible even after curing, insu fficienl adhesion will cause the 
impression material lo separate from the tray or tear during 
removal from the mouth. Current tray technology relies oil 
addition of an adhesive to the tray prior to filling it with 
impression material in order to create this bond. The present 
invention allows for this, although a dental impression tray 
can include at least one structured surface (i.e.. a surface 
having a 3-dimensional structure formed from depressions, 
holes, protuberances, or the like), which can be a microrep- 
licated surface or be formed by a porous substrate, for 
example. Such a structured surface provides a mechanical 
interlock between the surface of the tray and the cured 
impression material, analogous to that formed between the 
impression material and the teeth. However, the interlock 
between the tray and impression materia! is much more exten- 
sive, and thus stronger than the impression material/tooth 
interface. As such, the requirement for an adhesive is elimi- 
nated. This structured surface in the tray may be created in a 
number of ways, including, but not limited to. molding, 
embossing, or lamination ofa second structured layer such as 
a porous substrate (e.g., including films, foams, and knit, 
woven, and nonwoven fabrics). If a second layer is laminated 
to the base material, said lamination can also contribute in 
other ways. e.g.. through enhancement of mechanical prop- 
Die hardenable. self-supporting structures (e.g.. dental 
products) of this invention can be prepackaged either indi- 
\ idually or as an ensemble. Such packaging material should 
protect these products from conditions that would activate the 
initiator system and thus cause premature hardening, e.g.. 
such as could result from exposure to light in the case of a 
photoinitiator. In addition, the packaging material optionally 
conforms to the surfaces of the product, thereby providing 
additional mechanical strength in order to resist damage dur- 
ing shipping. For example, a preformed crown or tray could 
be packaged in a layer of polyethylene on all sides. The 
polyethylene provides a mechanical structure and can be 
sealed to avoid contact with water. If the polyethylene were 
filled with an appropriate dye. e.g.. carbon black, incident 
light would be absorbed before it could reach the enclosed 
product. If such a pac kaging layer is somewhat rigid, and if 
the packaging material is shaped similar to the preformed 
article of the invention, then the packaging could enhance the 
dimensional stability of the preformed product during ship- 
ment and storage. In certain eases, the packaging may thus 
form an integral part of the product system. 
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The invention is also useful in a number of preformed 
orthodontic applications. For example, the harden able com- 
position may be fabricated into a custom appliance such as a 
lingual retainer, a space retainer, a hook, a button, era splint. 
As another example, the composition may be used to make a 5 
portion of an appliance, such as a custom base for an orth- 
odontic bracket that is adapted to closely fit the curvature of a 
patient's teeth, or an orthodontic bracket with licwings that 
are oriented at a particular angle to avoid contact with adja- 
cent structure in the oral cavity. The compositic in also may be to 
used to make a tooth facsimile that is bonded to an archwire to 
hide open spaces between teeth during the course of treat- 
ment. Furthermore, the composition may be used to bond 
groups of adjacent teeth together to establish strong anchor- 
age for other orthodontic appliances. Additionally, the com- 15 
position may be formed into a droplet of material that is 
bonded to an archwire at a certain location to prevent sliding 
mi >\ ement of the archwire or to prevent movement of another 
appliance. When used in orthodontic applications, the com- 
position of the invention can be shaped to a desired configu- 20 
ration in vivo and then hardened in place in the oral cavity. 
Alternatively, the composition can be shaped to a desired 
conliguralion outside of the oral cavity using, if desired, a 
model of the patient's tooth structure. When the composition 
is shaped outside of the oral ca\ tt\. the composition is pref- 25 
erably hardened before placement in the oral cavity. 

EXAMPLES 

The following examples are given to illustrate, but not 30 
limit, the scope of this invention. Unless otherwise indicated, 
all parts and percentages are by weight and all molecular 
weights are weight average molecular weight. 



The ci 
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Pre-Cure I Elastic and Viscous Moduli 1 Rheology) Test 

Elastic Moduli (G') and Viscous Moduli (G") as an indica- 
tion o ("composition rheology were measured according to the 
following test procedure. A composition sample was heated 40 
to 70° C. in an oven and pressed between two Teflon-lined 
glass plates into a sheet having a thickness of approximately 
2 millimeters (mm). After cooling to room temperature and 
aging for 48 hours, an 8-mm diameter disk was cut from the 
resulting sheet. Rheologieal measurements were carried out b 
on a Rheometrics RDA II dynamic mechanical analyzer 
(Rheometric Scientific, l'iscalawax. N.J.) using S-111111 paral- 
lel plate fixtures. Elastic and Viscous Moduli were measured 
at 25° C. as a function of frequency (Hz) for the disk of 
pre-cured composite and results reported in kilopascals (kPa). 50 

Pre-Cure Crown Formation Test 

The objective of this test is to determine if a composition 
could be made into a self-supporting crown and then deter- 
mine qualitatively if that crown is malleable, shapeable, and 55 
trimable at room temperature. A composite sample was 
manually formed into a 2-mm thick "cup" approximately the 
size of a molar and was pressed at 85° C. between a positive 
mold of a slightly reduced maxillary central incisor and a 
negative mold of 3M ESPE polycarbonate crown #10. The 60 
positive and negative molds were prepared from 3M ESPE 
IMPRINT II Monophase and 3M ESPE EXPRESS STD 
Putty Material (3M Co., St. Paul, Minn.), respectively. In 
order for a composition sample to "pass" this Test Method, 
the pressed crown should easily be removed from the mold 65 
after cooling to room temperature without any markable 
deformation. 



sample was further evaluated based on its abil- 
ity to be custom fitted on a more heavily reduced maxillary 
central incisor on a TYPODONT arch (Columbia Dentoform, 
I iing Island ( 'ity. N.Y.). The crow n sample was examined for 
( 1 ) how" well it retained its form while being handled, (2) how 
easily it could be trimmed w ilh seissi a s. and (3) how well it 
could be custom-fitted on the central incisor by adapting the 
crown shape w ith a composite instrument w hile positioned on 
the reduced tooth, without either breaking or demonstrating 
any elastic deformation. In order for a composition to "pass" 
this Test Method, the formed crown sample was required to 
successfully meet each of these three quality parameters. 

Pre-( 'lire ( 'omposite Packability lest 

The packability of a composite material was qualitatively 
determined according to the following procedure. The first 
molar tooth on a lower arch model (SM-PVR-860 from 
Columbia Dentaldrm Corporation, long Island City. N.Y.) 
was prepared with a mesio occiuso cavity preparation. A 
metal matrix band (dead soft HO Band- Young, type universal 
: 1 from Henry Sehein catalog) was fitted around the molar 
with the help of a Tofflemire matrix retainer (type universal, 
from I lenry Sehein catalog ). This model was then placed in a 
small heating chamber, which was kept at a constant tempera- 
ture of 38° C. Once the model had reached a temperature of 
38° C. it was taken out of the heated chamber and a pellet of 
the composite to be tested was placed in the prepared tooth 
ca\ ity. Packability of the composite was evaluated by com- 
pacting the pellet in the cavity with a double-ended amalgam 
plugger (V2 Black. DE from Henry Sehein catalog). The abil- 
ity of the composite material to be condensed, rather than 
flowing around the plugging instrument, was determined. 
Evaluation also included the ability of the composite material 
to transfer some of the compacting force to the metal matrix 
band, and thereby to deform the band. A composite material 
that both could be condensed in the cavity and that deformed 
the band was judged to be packable. 

Pre-Cure Differential Scanning ( alorimetry (DSC) Test 

The crystallinity and melting point of samples was deter- 
mined by differential scanning calorimetry using a DSC 2920 
instrument from TA Instruments (New Castle, Del.). A 
sample weighing 5-10 mg that had been aged for at least 72 
hours was placed in a standard aluminum pan and heated at 5° 
C./min from -40° C. to 120° C. The resulting thermogram 
was examined for evidence of a melting point range and 
endothermic peaks that would be associated with the melting 
of crystalline species. The absence of endothermic peaks 
would be indicative of no crystalline component in the 



Flexural Strength and Flexural Modulus w 
according to the following test procedure. A composition 
sample was pressed at 65° C. in a preheated mold to form a 
2-mmx2-imnx25-mm test bar. The bar was aged at room 
temperature for 24 hours and light cured for 90 seconds by 
exposure to two oppositely disposed VISILUX Model 2500 
blue light guns (3M Co.). The bar was then post-cured for 1 80 
seconds in a DentacolorXS unit I Kul/er. Inc.. Germany) light 
box, and sanded lightly with 600-grit sandpaper to remove 
flash from the molding process. After storing in distilled 
water at 37° C. for 24 hours, the Flexural Strength and Flex- 
ural Modulus of the bar were measured on an Instron tester 
(Instron 4505, Instron Corp., Canton, Mass.) according to 
ANSI/ADA (American National Standard '.American Dental 
Association) specification No. 27 (1 993) at a crosshead speed 
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of 0.75 mm/minute. Six bars of cured composite 
pared and measured with results reported 
(MPa) as the average of the six measurements. 

Post-Cure Compressh e Strength (CS) Test 

( 'ompresshe Strength was measured according In ANSI 
ADA Specification No. 27 (1993). Specifically, a composi- 
tion sample was heated to 85° C, packed into a 4-mm ( inside 
diameter) glass tube, and the tube capped with silicone rubber 
plugs and compressed axially al approximately 0.28 MPa for , 
5 minutes. The sample was light cured for 90 seconds by 
exposure to two oppositely disposed VISILUX Model 2500 
blue light guns (3M ( 'o. ) and then irradiated lor 1 80 seconds 
in a 1 )entacolorXS light box (Kul/er. Inc.). The cured sample- 
was then cut on a diamond saw to form cylindrical plugs x 
8-mm long lor measurement old 'S. The plugs were stored in 
distilled water at 37° C. for 24 hours prior to testing. Mea- 
surements were carried out on an Instron tester ( Instron 4505. 
insiront'orp.iwiiha iO-kiionew UmfkN i liuidccll. i i\e plugs 
of cured composite w ere prepared and measured with results 2 
reported in MPa as the average of the five measurements. 

Post-Cure Diametral Tensile Strength (DTS) Test 

Diametral Tensile Strength was measured according to 
ANSI/ADA specification No. 27 (1993). A composition 
a glass tube and cured as described 
e Strength Test. The cured sample 
!-mm long for measurement of DTS. 
water as described above and tnea- 
sr (Instron 4505, Instron Corp.) with 3 
a 10-kN loadcellatacrossheadspeedol 1 meter minute, hive 
discs of cured composite were prepared and measured with 
results reported in MPa as the average of the five measure- 
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l.K-.)ia/abie>eol|5.4.«i|i iukv-7-ciic (Sigma- XKtrieh 
leaner, prepared as deser 
in Example ()S ol'l .S. patera application Sen No. 
es> 884173. issneo as I .S. Pat. No. 6,635,690 on 
Oct. 21, 2003 (Abuelyaman et al.) 
Dim-ethane dimethacrylate fROHAMERE 6661-0, 
er Polymer and Dajae Labs, Inc., 



e,PA) 



o. A dmicthncivlatc 
er CD541, Sartomer Co., Exton, PS) 
InetliNlenephool dniiel liaon la"e iSaromer < o.) 



sample was compressed in 
above for the Compress! 
was then cut into discs 2. 
The disks were stored ir 
sured w i 111 an Instron test 



I I'.X I 
LEX110-IEM 
LEX160-IEM 
THEIC-TMA 
THEIC-TA 
CHDM-DMA 
TIIEI(5)-IEM 

THEI(IO)- 



Matthey, Alpha Aesar Division, Ward Hill, NJ) 
2- (2- 1 lydrcxy-s-incl lucrylyoxxcl liylplicnyll-21 I- 
ben/otna/ole lOiha Special!} ( lieiiuoals. Icrrylown 
I.c.xorc/ 1 ISO 1 10 polvostor polvol ilnolex (lieimc. 
C o.. Philadelphia, PA) 

l.e.xorev-1 Iso-ion polvcstcr poaxxS llaoiext hemic: 
Co.) 

Reaction p wind between I cxorcy-l lsu-1 U and II 
prepared as described Iiercin 

Reaction product between I.e.xorez-1 1 SIM 6(1 and II 
hydro.xyelhyl) isocyaniirale Iriacrylate (SR 3( 



RC.KI 



>cll.>li ,s. 



ol dimethacrylate (CD 4C 



Ills: 1 m 



ARQ 



2.6-1 ti-lert-biilyl-d-rielhvlpheiiol iSigma-Aldrich Fine 
Chemicals, St. Louis, MO) 
2.2-Bis[4-(2-hydroxy-3- 

ntelhacryloyloxypropoxy '.phenyl loropano 

CAS No. 1565-94-2 

( 1111111101X1111 none i Sigma- Aldrich) 

hlhvl i-iN.N-diiiielhvlaiiiiiioiben/oate (Sigma- Mdrich) 
I lydrophilic tinned ip\ rogcnic! silica (Oib-O-Sil VIS. 
Cabot Corp. Tuscola, ID 

Vlclhacryl silane-lix-alcd liniied (pyrogenicl silica 
(AhROSII R-71 1. Demissa Corp.. Parsnpanv. XI 1 
Hydrophobic liimcdipvroccnic) silica ( M.ROSII R-972. 
DegussaCorp.) 
Cationi 



enbed in 1 IS. pail o til app c: 



Polvol PPsn 
HEMA 



2-1 lydroxycl liyl inel hacrylalc I S 



hydroxys'! hyl lc\ 

Reaction product (1:30:3 molar ratio) of l,3,5-tris(2- 
hyalroxx-et l.yl icyaaiiric acid » nh f-caprolaclone and II-.M 
prepared as described herein 

React i ci n p-odiict (1:10:2 molar ral 10) ol ItisCrM.A Willi e- 
caprolacloac and [1 M [Ticpaied as described herein 

Read on p tsIiici (1:1 s: 1 molar ratio) of Glycerol 1,3- 
diiilycerolatc diacrylate wi ' 
ptX'parcd as described here 



5 Starting Materials 

Polyethylene diol (PE-Diol, 25 grams (g)) and methacrylic 
anhydride (4.0 ml, Sigma-Aldrich) were added to a round- 
bottom llask along with BHT (0.02 g) to scavenge free radi- 
cals. The flask was purged with nitrogen for 10 minutes, and 
then heated with stirring overnight at 100° C. The resulting 
material was poured into methanol, recovered by filtration, 
dissolved in hot toluene, reprecipitated w ith methanol, again 
> recovered by filtration, and dried overnight on a vacuum line. 
The dried solid was designated Resin A. Analysis by NMR 
indicated complete conversion of the diol to methacrylate 
functionality. 

; Resin B 

A 58% by weight solution of octadecyl acrylate (Sigma- 
Aldrich) in ethyl acetate (82 g of solution), HEMA (2.5 g) and 
toluene (50 g) were charged into at 3-neck reaction vessel 
equipped w ith magnetic Mitring, a water-cooled condenser, a 

) thermocouple and a nitrogen inlet. The solution was heated 
under nitrogen to 115° C. and, with stirring, tert-butylperoxy- 
benzoate (0.1 g. Sigma-Aldrich) dissolved in toluene (3 g) 
was charged into the vessel. A small exotherm (temperature 
increase of approximately 3-5° C.) was observed. After 30 

5 minutes, 3.34 g of IEM in the presence of a catalytic amount 
ot'dibutyltin dilaurate (0.68 g. Sigma-Aldrich i was added in 
order lo functionali/e lite pendant hydroxy! units of the resin. 
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The resulting mixture was agitated overnighl in a 60° C. 
shaker bath. The resulting methacrylate functional resin was 
isolated by precipitation with methanol and subsequent fil- 
tration. The dried solid was designated Resin B. The meth- 
acrylate functionali/ation was confirmed by crosslinking a f 
mixture of the HEMA-IEM adduct and isooctyl acrylate in 
the presence of a photoinitiator, DAROCUR 1173 (Ciba- 
Geigy, Hawthorn. N.Y. ). and exposure to UV light. 

Resin C 

A polycaprolactone 4-arm star resin was prepared accord- 
ing to the following procedure. Polyol PP50 (35.6 g, 0.1 mole 
( mi il ) ) and e-caprolactone (320.0 g, 2.8 mol, Sigma-Aldrich) 
were added to a glass vessel and heating under nitrogen to 
1 10° C. FASTCAT 4224 (0.21 g, 0.5 millimole (mmol), Mo- 
lina Chemicals. Inc.. Philadelphia. Pa.; was added and the 
mixture was heated at 170" ( ' for live hours. After cooling, a 
tan, solid (melting point 48-52° C.) was formed, collected by 
filtration, and dried. The solid had an ( )! 1 equh alen! w eight of 
709. A portion of the solid (50.0 g, 1 8 mmol) was mixed with 
methacrvlic anhydride (11.09 g. 72 mmol. Sigma-Aldrich) 
and BHT (0.35 g, 1.6 mmol). After heating at 100° C. for 17 
hours and cooling to room temperature, a tan solid was 
obtained. The dried solid was designated Resin C. 

Resin D 2 

To a stirred solution of OligoVDM (25 g, 1.7xl0 _1 mol) 
and II If (250 ml ) under nitrogen were added ocladecvl alco- 
hol (29 .7 g, 1 . 1 x 1 0" 1 mol), HEMA ( 1 .5 g, 1 . 2x 1 0" 2 mol), and 
DBU (0.2 g, 1.3x10" 3 mol). The resultant suspension was 
heated to 40° C. and maintained at this temperature with 3 
stirring overnight lor approximately 12 hours. The resulting 
yellow-orange viscous liquid was isolated by pouring into 
methanol and evaporation of the methanol/THF solvent at 80° 
C. for 12 hours under a vacuum. The dried material was 
designated Resin D. 3 

THEI(10)-IEM 

Ina250-ml3-neck flask equipped with a mechanical stirrer 
under nitrogen atmosphere. 1 ,3,5-tris(2-hydroxyethyl)cya- 
nuric acid (4.30 g, 0.016 mol) was suspended in e-caprolac- 
tone (54.70 g, 0.48 mol) with a continuous stirring. A few 4 
drops of tin(II) ethyl hexanoate were added and the mixture 
was heated at 130-150° C. overnight. A clear yellow liquid 
was obtained. The reaction temperature was lowered to 50° C . 
(and then BI IT (50 mg) was added followed by 5 drops of 
dibutyltin dilaurate. II 'M (7.66 g. 0.049 mol) was then ' 
charged at 50° C. over 45 minutes. After 20 minutes of stir- 
ring, the heat was turned off. The liquid solidified into a 
material that was characterized by IR, NMR and GPC. 
(Mw=6.46E+03, Mn=5.69E+03, P=1.14) s 

THEI(5)-IEM 

This product was prepared as described for THEI(10)- 
IEM, except the amount of e-caprolactone was halved to 



27.35 g, 0.24 mol. The resulting product was isolated as a 
solid that was characterized by IR, NMR and GPC. 
(Mw=4.36E+03, Mn=2.859E+03, P=1.53) 

BisGMA(5)-IEM 

This product was prepared as described for THEI(10)- 
IEM, but utilizing a dry air atmosphere and the reactants Bis 
GMA (18.50 g, 0.036 mmol), e-caprolactone (42.10 g, 0.369 
mol). and II M ( 1 1 .6 g. 0.074 mol). The resulting product w as 
isolated as a solid that was characterized by IR and NMR. 

GGDA(5)-IEM 

This product was prepared as described for BisGMA(5)- 
IEM, but utilizing a dry air atmosphere and the reactants 
glycerol 1,3-diglyccrolate diacrylatc (triglyccrol diaen late!, 
e-caprolactone, and IEM. The resulting product was isolated 

LEX110-IEM 

A mixture of 20.0 g (20 mmol) LEXOREZ-1 1 50- 1 1 0, 6.24 
g (40 mmol) 2-isocyanatoethyl methacrylate, 70 g acetone, 
and 0.03 g (0.05 mmol) dibutyltin dilaurate was heated to 50° 
C. for 5 hours. The solvent was then removed under reduced 
pressure to provide the product as a white solid. 

LEX160-IEM 

A mixture of 20.0 g (28 mmol) LEXOREZ-1 1 50- 1 60, 8.57 
g (55 mmol) 2-isocyanatoethyl methacrylate, 70 g acetone, 
and 0.03 g (0.05 mmol) dibutyltin dilaurate was heated to 50° 
C. for 5 hours. The solvent was then removed under reduced 
pressure to provide the product as a white solid. 

Examples 1-14 and Comparative Example 1 (CE-1) 

Self-Supporting I ight-( 'arable Composites 

Self-supporting, light -curable composites (Examples 1-14 
and Comparative Example 1 ) were prepared according to the 
following procedure. The photoinitiator components were 
initially dissolved in bisGMA. UDMA. or bisGMA/UDMA/ 
bi s -EMS 6/TEGDMA blend in a water bath. Then the ingre- 
dients (names and quantities for each example shown in Table 
1) were weighed into a M.AX 20 plastic mixing cup having a 
screw cap (Flakteck, Landrum, S.C.) and the closed cup 
heated in an ov en at 85" C. for 30 minutes. The cup was placed 
in a DAC 1 50 FV speed mixer (Flakteck) and spin mixing 
carried out for 1 minute at 3000 rpm. The cup was then 
reheated for 30 minutes at 85° C. followed by another minute 
of mixing at 3000 rpm to afford the final blended composite. 
A similar blended composite was made without the photoini- 
tiators (CPQ and EDMA) for ease of pre-cure physical prop- 
erty testing. 



TABLE 1 



Resin Additive 

His (Scmi-Crysldlnie) SuriacUnt-lg) ST/ CPQ l-.D.VIA 

Ex. GMA (g) (g) Fumed Silica-(g) (g) (phr*) (phr) 



TONE0230-IEM - 1.0 
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TABLE 1 -continued 



STZ CPQ EDMA 



TONE0230-IEM - 1 

Resin A - 1.2 

Resin C - 2.0 
Resin ( - 1.99 



TONE0230-IEM - 1.9 
TONE0230-IEM - 2.0 
TONE0230-1EM - 4.0 
TONE0230-IEM-5.6 



ARQ-0.2 
1TEG-0.2 
M5-0.2 



0.175 
0.188 
0.125 
0.125 



Denial Impression Tray Preparation and Simulated 
Use 

A self-supporting, light-curable composite was prepared 
according lo the procedure described in I samples 1-14 with 
the names and quantities for each ingredient used in this 
Example 15 shown in Table 1. 30 

The bulk composite was pressed in a Carver press between 
two siliconized paper liners (TPK 7120, 3M Co.) to a thick- 
ness of approximately 2 mm and heated to 40° C. The two 
paper liners were discarded and the sheet was laminated 
manually underhand pressure al 40° C. between two layers of 35 
a nonwoven fabric (SONTARA 8010, DuPont, Old Hickory, 
Tenn.). While still warm, a 10-cmxl0-cm sheet of the result- 
ing laminate was placed over a stone model of a lower jaw, 
shaped to fit the contour loosely, and allowed to cool down to 
room temperature overnight. The contoured form was care- 
fully removed from the model and cut into the shape of an 40 
impression tray including a handle to provide a self-support- 
ing, malleable and curable custom tray. 

After several days of storage at room temperature the use of 
the custom tray w as simu lated on the stone model of the lower 
jaw. Several layers of wet Kleenex tissue paper were first 45 
placed along the complete arch, followed by placing the cus- 
tom tray on lop. Custom lilting was easily achie\ ed by apply- 
ing simple linger pressure along the w hole length ol'lhe tray. 
Then the tray w as lack cured for 20 seconds w ith a VISILUX 
Model 2500 curing light [3M Co.). followed by further cure s ( , 
for 180 seconds in a Denlacolor XS unit (Kul/er. Inc.). A 
hard, rigid, tough tray was thereby obtained. 

This tray was then filled with Imprint II Monophase 
Impressioning Material (3M Co.1 and pressed against the 
stone model (without the layer of the tissue paper) and 55 
retained in place until the impression material hardened. At 
this point the tray, together with the hardened impression 
material, was separated from the stone model to obtain the 
impression of the whole arch. Excellent adhesion was 
observed between the hardened impression material and the 
non- woven surface of the tray. 

Examples 16-32 
Self-Supporting Light-Curable Composites 



for Examples 1-14 with the ingredient n; 
for each example shown in Table 2). 



Bis Resin Additive 
GMA (Semi-O 

:■ (g) (g) 



Fumed Silica-(g) 



IJ.X16ll-Il-.VI - l.y 
i LEX110-IEM-0.9: 
' TONE0230-IEM - ( 



19 2.52 TONE0230 



20 2.93 THEI(10)-IEM - C 

21 1.95 THEI(5)-IEM - 1. 



22 1.99 BisGMA(5)-IEM - 1.99 

23 1.99 GGDA(5)-IEM - 1.99 



2.93 THUC-TMA - 0.98 



25 1.95 THEIC-TA- 1.95 



26 2.93 THEIC-TA- 1 



30 3.24* TONE0230-IEM - 0.36 



3.1 l 24 rONE0230-IEM-0.36 



32 3.24* THEIHOi-IEM-i 



IPKi- 
M5-0, 
TPkG- 



TPEG-0.12 

M5-0.39 

TPEG-0.12 

M5-0.46S 

TPEG-0.12 

M5-0.20 

TPEG-0.12 

M5-0.20 

TPEG-0.12 

M5-0.468 

TPKMU2 

M5-1 1.468 

TPEG-0.12 

\lvn.46S 

TPEG-0.11 



M5- 
TPKi-u.ll 
Vivll.52.vl 
TPKHUl 
M5-0.18 
TPI-G-".!! 
M5-0.45 
TPKHi.ll 



M5- 



15.13 PI 
15.72 PI#1 
15.72 PI#1 
15.13 PI#1 
15.13 PI#1 
3 PI#1 



15.16 PI#2 
4.8» !':•■■• 2 



Sample Evaluations (Examples 1-14. 16-32. and 
Comparative Example 1) 



Self-supporting, light-curable composites (Examples 
16-32) were prepared according to the procedure described 



Composite samples 1 1 ixamples 1-14, 16-32, and Compara- 
tive Example 1 ) w ere evaluated for pre-cure elastic and vis- 
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cous moduli, for pre-cure crown formation, and for post-cure 
llexural strength, llexural modulus, compressive strength, 
and diametral tensile strength according lo (he Tesl Methods 
described herein. All samples passed the Pre-Cnre Crown 
formation Test, except for the Comparative Example 1 
sample that was very soft and not self-supporting. Results 
from the other evaluations are provided in Table 3 (Examples 
1-14 and Comparative Example 1) and Table 4 (Examples 
16-32). 



32 



results in Table 3 that further addition of surfactant/fumed 
silica ingredients increases the moduli, and that the moduli 
increases with increasing amounts of TONE 0230-IEM poly- 
mer. It is theorized thai these enhanced properties are due to 
the crystalline nature of the TONE 0230-IEM polymer. 

Examples 6-10. in c< mi pari son w ith ( omparative Example 
1 . show that the addition of other types of polymers (Polymers 
A-D) can be added to the bisGMA in order to significantly 
increase the elastic and viscous moduli of the resulting com- 







120 (4) 299 (12) 

86 (12) 356 (6) 

137 (8) 318 (22) 

76 (10) 296 (16) 



Modulus, MPa 



133 (21) 277 (26) 44 (6) 7933(805) 

134 (15) 323 (13) 42 (6) 8487(678) 
115 (12) 340 (19) 52 (11) 5275 (630 ) 

121 (12) 319 (21) 44(6) 5169(726) 
168 (13) 328 (38) 42.5 (7) 8928(194) 

122 (10) 284 (16) 26 (8) 4551(449) 
109 (7) 171 (25) 28 (2) 5146(356) 
107 (18) 263 (13) 24 (3) 7359 (777) 

79(15) 298(12) 42(4) 3410(354) 

87 (8) 272 (31) 46 (13) 3121(224) 

85 (25) 233 (12) 33 (8) 5688(1069) 



Example 1, in comparison with Comparative Example 1. 
shows that the addition of fumed silica and surfactant to the 
bisGMA significantly increased the elastic and viscous 
moduli of the resulting composite and thereby changed the 3 ~ 
physical nature of the composite from very soft to self-sup- 
porting. As shown in FIG. 2, the elastic and viscous moduli 
(G and G", respectively) are increased from approximately 
10 3 (for Comparative Example 1 ) to approximately 10 5 Pas- 
cals (Pa) (for Example 1). This suggests that the Example 1 4( 
composite has properties at room temperature more similar to 
those of the dental baseplate wax shown in FIG. 1. Further- 
more, the frequency dependence of the moduli of Example 1 
is reduced, indicative of a more solid-like character similar to 
that of the dental waxes. It is noted that unlike a dental wax 45 
that transforms above its melting point to a free-flowing liq- 
uid, the compositions of the present invention soften, but do 
not become free-flowing fluids ( i.e.. liquids I above their melt- 
ing points or melting ranges. 

Examples 2-5, in comparison with Comparative Example N 
1, show that the addition of TONE 0230-IEM light-curable 
polymer to the bisGMA significantly increased the elastic and 
viscous moduli of the resulting composite and thereby 
changed the physical nature of the composite from very soft 
to self-supporting. Additionally, it can be concluded from the 



posite in the same way that was achieved with the TONE 
0230-11 ; M polymer. ( 'omparison off xamples X and M shows 
the positive effect on moduli of adding a surfactant/fumed 
silica ingredient. 

Example 1 1. in comparison with Comparative Example 1. 
shows that elastic and viscous moduli can be significantly 
increased by the addition of surfactant ARQ alone (with no 
Polymer Additive) to the bisGMA. 

Examples 12-13, in comparison with Comparative 
Example 1. show that elastic and viscous moduli can be 
significantly increased by the addition of TONE 0230-TEM 
polymer phis surfactant TPEG (Example 12) or plus fumed 
silica MS (Example 13) to the bisGMA. 

Example 14, in comparison with Comparative Example 1, 
shows that elastic and viscous moduli can be significantly 
increased by the utilization of high levels TONE 0230-IEM 
polymer alone (with no BisGMA). Following curing, all 
samples (Examples 1-14) were converted into a hard, tough 
material having adequate flexural modulus and flexural 
strength, compressive strength, and diametral tensile strength 
to be useful as a dental article, e.g., as a dental crown. 



TABLE 4 



\n 

G' G" Diametral 

kPa Flexural Strength, Compressive Tensile Strength, Flexural 

Ex. (at 0.01 Hz) MPa Strength, MPa MPa Modulus, MPa 



16 732 358 125(1-) 356(6) 72(11) 43X0(199, 

17 707 363 130 (15) 358 (11) 74 (5) 6649(325) 

18 547 264 141 (11) 348 (7) 65 (5) 6125 (473) 
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TABLE 4-continued 




19 525 257 142 (8) 368 (11) 66 (6) 7929(380) 

20 712 349 135 (14) 363 (10) 66 (13) 5533 (343) 

21 1377 652 109 (10) 329 (21) 85 (4) 3348(355) 

22 416 210 114 (10) 348 (11) 68 (3) 5098(299) 

24 291 156 131 (13) 317 (14) 82 (3) 9864(454) 

25 433 225 155 (14) 407 (23) 82 (12) 12497 (421) 

26 325 179 136 (14) 374(12) 62 (3) 11920(574) 

27 1353 630 153 (18) 375 (13 ) 70 (7) 9088(365) 

28 132 81 173 (15) 378 (14) 83 (8.2) 10299(786) 

29 291 138 172 (7) 385 (13) 93 (7) 10079(477) 

30 98.5 49 157 (16) 381 (25) 92 (5) 7604(491) 

31 180 94.4 147 (13) 388 (19) 82 (9) 6896(392) 

32 146 73.6 151 (7) 352 (16) 80 (10) 7547(403) 



It can be concluded from the results shown in Table 4 that, 
following curing, all samples (Examples 16-32) were con- 
verted into a hard, tough material having adequate flexural 
modulus and flexural strength, compressive strength, and 25 
diametral tensile strength to be useful as a dental article, e.g., 
as a dental crown. ' 

Sample Evaluations (Crystallinity and Packability) 

In addition (o (he (esting results pro\ ided in 'fables 3 and 4: 
Examples 2, 3, 13, 14, 24, 25, and 26; and the commercial 
material REVOTEK LC Resin (GC Dental Products Corp., 
Japan) were confirmed to contain a crystalline component 
having a melting point above 20° C. when evaluated accord- 3 
ing to the Pre-Cure DSC Test Method described herein. A 
sample of the commercial material SWRP'l 11 High Density 
Posterior Restorative (Dentsply) showed the presence of a 
crystalline component ha\ ing a melting point below 20° C. 
Thai is, there is no crystalline component as defined herein. In 4 
contrast, DSC evaluations of Example 1 and the commercial 
materials PRODIGY Condensable Composite Restorative 
System (Kerr, Orange, Calif.) and TRIAD Visible Light Cure 
Provisional Material (Dentsply Caulk. Milford, Del.) sug- 
gested the absence of any crystalline component. The results 4 
of these DSC measurements are provided in Table 5. The 
Elastic Moduli (CI ) and Viscous Modulit (G") of the four 
commercial materials (according to the Test Method provided 
herein, except that samples w ere pressed w ithout heating) arc- 
also provided in Table 5. 

TABLE 5 



PRODIGY 
SUREFIL 
> REVOTEK** 



TABI.f 5-continued 



41." No Melius Pom 1 

257 7-16 (11) 
437 32-75 (65.0) 



NM* NM No Melting Point 

NM NM 29-43 (36.9. 

NM NM 27-43 137.4 

NM NM 29-43 (36.9) 

NM NM Broadly from 0-35 (no 

NM NM Broadly from 0-35 (no 
peak) 

NM NM Broadly from 0-35 (no 
peak) 

79.5 48.8 No Melting Poim 



Additionally, Examples 28-32 were shown to be packable 
composite materials when evaluated according to the Pre- 
Cure Composite Packability Test Method described herein. 
Commercial materials SUREFIL Restorative and PRODIGY 
Condensable Composite were also evaluated by the same 
Packability Test Method and determined to be packable com- 
posite materials. 

Sample Evaluation (Example 15) 

The composite sample from Example 15 was evaluated for 
post-cure flexural strength and flexural modulus according to 
the Test Method described herein. Following curing the 
resulting hard, tough material had the following flexural 
strength and modulus \ alues thai w ere very acceptable for a 
material to be used as a dental article, e.g.. as a dental impres- 
sion tray. Flexural Strength 66 MPa (Standard Deviatii in 5 ) 
and Flexural Modulus=915 MPa (Standard Deviation=l 15). 

The complete disclosures of the patents, patent documents, 
and publications cited herein are incorporated by reference in 
their entirety as if each were individually incorporated. Vari- 
ous modifications and alterations to this invention will 
become apparent to those skilled in the art v, ithout departing 
from the scope and spirit i tf this invention. It should be under- 
stood that this invention is not intended to be unduly limited 
by the illustrative embodiments and examples set forth herein 
and that such examples and embodiments are presented by 
way of example only with the scope of the invention intended 
to be limited only by the claims set forth herein as follows. 
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What is claimed is: 

1. A method of using a preformed dental product, the 
method comprising: 

providing a preformed dental producl comprising a hard- 
enable self-supporting structure comprising a composi- ? 
lion that includes a resin system, a Idler system, and an 
initiator system, wherein the composition is in the form 
of a liardenable. self-supporting, malleable structure 
having a first semi-finished shape, which is sufficiently 
malleable to be ft >rmed into a second shape at a tempera- io 
ture of about 15° C. to 38° C; 

forming the self-supporting, malleable structure having a 
lirst semi-iinished shape into a second shape custom lit 
to a patient shape at a temperature of about 15° C. to 38° 
C; and 15 

hardening the self-supporting structure ha\ ing the second 
shape to form a dental product; 

wherein the term "self-supporting"" means that the compo- 
sition is diinensionally stable and w ill maintain its shape 
without significant deformation at room temperature for 20 
at least about two weeks when free-standing and in the 
absence of conditions that activate the initiator system 
and in the absence of an external force other than grav- 
ity; 

wherein the preformed dental product is one that is pro- 25 
vided to a dentist in a desired scmi-lini shed shape, which 
is a facsimile of what the final shaped article is to be and 
is not the shape of a rope, globule, or sheet. 

2. A method of using a preformed dental product, the 
method comprising: 

providing a preformed dental producl comprising a hard- 
enable sell-supporting structure comprising a composi- 
tion that includes a resin system, a filler system, and an 
initiator system, wherein the composition is in the form 
of a hardenable, self-supporting, malleable structure 35 
having a first semi-finished shape, which is sufficiently 
malleable to be formed into a second shape at a tempera- 
ture of about 15° C. to 38° C; 

placing the dental product on a tooth surface in the mouth 
of a subject; 4 

customizing the shape of the dental product at a tempera- 
ture of about 15° C. to 38° C. in the mouth of a subject; 



g the hardenable dental composition of the dental 4 
product; 

wherein the term "self-supporting"" means that the compo- 
sition is dimensionally stable ami w ill maintain its shape 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 5 
absence of conditions that activate the initiator system 
and in the absence of an external force other than grav- 
ity; 

wherein the preformed dental product is one that is pro- 
vided to a dentist ina desired semi-finished shape, which . 
is a facsimile of what the final shaped article is to be and 
is not the shape of a rope, globule, or sheet. 

3. The method of claim 2 wherein the semi-finished shape 
is that of a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a preformed 6 
tooth facsimile, or a preformed tooth splint. 

4. The method of claim 3 w herein the first semi-finished 
shape is in the form of a dental crown. 

5. The method of claim 2 wherein the resin system com- 
prises a crystalline resin component. 6 

6. The method of claim 2 wherein the filler system is 
present in an amount of greater than 6(h\ l-%. w ith the pro\ iso 



that if the filler system c< imprises libers, the libers are present 
in an amount of less than 20 wt-%, based on the total weight 
of the composition. 

7. A method of using a preformed dental product, the 
method comprising: 

providing a preformed dental product comprising a hard- 
enable self-supporting structure comprising a composi- 
tion that comprises: 

a filler system, wherein at least a portion of the filler 
system comprises an inorganic material comprising 
nanoscopic particles ha\ ing an average primary par- 
ticle size of no greater than about 50 nm; and 

an initiator system; 

wherein the composition is in the form of a hardenable, 
self-supporting, malleable structure having a lirst 
semi-finished shape; 

forming the sell-supporting, malleable structure having a 
first semi-finished shape into a second shape custom fit 
to a patient; and 

hardening the self-supporting structure having the second 
shape to form a dental product: 

wherein the term "self-supporting" means that the compo- 
sition is dimensionally stable and will maintain its shape 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions that activate the initiator system 
and in the absence of an external force other than grav- 
ity; 

wherein the preformed dental product is one that is pro- 
v ided to a dentist ina desired semi-finished shape, w hicli 
is a facsimile of w hat the final shaped article is to be and 
is not the shape of a rope, globule, or sheet. 

8. A method of using a preformed dental product, the 
method comprising: 

providing a preformed dental product comprising a hard- 
enable self-supporting si ructure comprising a composi- 
tion that comprises: 
a resin system; 
a filler system: 
a surfactant system; and 
an initiator system; 

wherein the composition is in the form of a hardenable, 
self-supporting, malleable structure having a first 
semi-finished shape; 

forming the self-supporting, malleable structure having a 
first semi-finished shape into a second shape custom fit 
to a patient; and 

hardening the self-supporting structure having the second 
shape to form a dental product; 

wherein the term "self-supporting"" means that the compo- 
sition is dimensionally stable and will maintain its shape 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions that activate the initiator system 
and in the absence of an external force other than grav- 
ity; 

wherein the preformed dental product is one that is pro- 
vided to a dentist in a desired semi-finished shape, which 
is a facsimile of what the final shaped article is to be and 
is not the shape of a rope, globule, or sheet. 

9. The method of claim 8 wherein the resin system com- 
prises a crystalline resin component. 

10. The method of claim 8 wherein the filler system is 
present in an amount of greater than 60 wt-%. with the proviso 
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that if the (iller system comprises libers, the libers ;ire preseiil 
in an amount of less than 20 wt-%, based on the total weight 
of the composition. 

11. A method of using a preformed dental product, the 
method comprising: 5 

providing ;i preformed denial product comprising a hard- 
enable self-supporting structure comprising a composi- 
tion that comprises: 
a resin system; 

a filler system, wherein at least a portion of the filler to 
system comprises an inorganic material comprising 
nanoscopic particles having an average primary par- 
ticle size of no greater than about 50 nm; and 

an initiator system; 

wherein the composition is in the form of a hardenable, 1 5 
self-supporting, malleable structure having a first 
semi-finished shape; 

placing the preformed dental product on a tooth surface in 
the mouth of a subject; 

customizing the shape of the dental product into a second 20 
shape in the mouth ol'a subject: and 

hardening the self-supporting structure having the second 
shape to form a dental product; 

wherein the term "self-supporting"' means thai the compo- 
sition is dimensionally stable ami w ill maintain its shape 2s 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions thai activate the initiator system 
and in the absence of an external force other than grav- 
ity; 30 

wherein the preformed dental product is one that is pro- 
vided to a dentist ina desired semi-finished shape, v, Inch 
is a facsimile of what the final shaped article is to be and 
is not the shape of a rope, globule, or sheet. 

12. A method of using a preformed dental product, the 35 
method comprising: 

pro\ iding a preformed dental product comprising a haul- 
enable self-supporting structure comprising a composi- 
tion that comprises: 

a resin system; 40 

a filler system; 

a surfactant system; and 

an initiator system; 

wherein the composition is in the form of a hardenable, 
self-supporting, malleable structure having a first 45 
semi-finished shape; 

placing the preformed denial product on a tooth surface in 
the mouth of a subject; 

customizing the shape of the dental product into a second 
shape in the mouth of a subject; and 50 

hardening the self-supporting structure having the second 
shape to form a dental product; 

wherein the term "self-supporting"" means that the compo- 
sition is dimensionally stable and will maintain its shape 
without significant deformation at room temperature for ss 
at least about two weeks when free-standing and in the 
absence of conditions thai activate the initiator system 
and in the absence of an external force other than grav- 
ity; 

wherein the preformed dental crown is one that is provided 60 
to a dentist ina desired semi-finished shape, which is a 
facsimile of what the final shaped article is to be and is 
not the shape of a rope, globule, or sheet. 

13. The method of claim 1 wherein the semi-finished shape- 
is that of a preformed crown, a preformed inlay, a preformed 65 
onlay, a preformed bridge, a preformed veneer, a preformed 
tooth facsimile, or a preformed tooth splint. 



14. The method of claim 1 wherein the first semi-finished 
shape is in the form of a dental crown. 

15. The method of claim 1 wherein the resin system com- 
prises a crystalline resin component. 

16. The method of claim 1 wherein the filler system is 
present in an amount of greater than 60 wt-%, with the proviso 
that if the filler system comprises fibers, the fibers are present 
in an amount of less than 20 wt-%, based on the total weight 
of the composition. 

17. A method of using a preformed dental crown, the 
method comprising: 

providing a preformed dental crown comprising a harden- 
able self-supporting structure comprising a composition 
that comprises: 
a resin system; 

a filler system, wherein at least a portion ol" the filler 
system comprises an inorganic material comprising 
nanoscopic panicles hav ing an average primary par- 
ticle size of no greater than about 50 nm; and 

an initiator system; 

wherein the composition is in the form of a hardenable. 
self-supporting, malleable structure having a first 
semi-finished shape in the form ol'a crown; 

forming the self-supporting, malleable structure having a 
first semi-finished shape into a second shape custom fit 
to a patient; and 

hardening the self-supporting structure having the second 
shape to form a dental crown; 

wherein the term "self-supporting" means that the compo- 
silion is dimensionally stable and will maintain Us shape 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions that activate the initiator system 
and in the absence of an external force other than gravity. 

18. A method of using a preformed dental crown, the 
method comprising: 

prov iding a preformed dental crow n comprising a harden- 
able self-supporting structure comprising a composition 
that comprises: 
a resin system; 
a filler system, 
a surfactant system; and 
an initiator system; 

wherein the composition is in the faun of a hardenable, 
self-supporting, malleable structure having a first 
semi-finished shape in the form or a dental crown; 

forming the self-supporting, malleable structure having a 
first semi-finished shape into a second shape custom fit 
to a patient; and 

hardening the self-supporting structure having the second 
shape to form a dental crown; 

wherein the term "self-supporting" means that the compo- 
sition is dimensionally stable and will maintain its shape 
without significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions that activ ate the initiator system 
and in the absence of an externa 1 force i ther than gravity. 

19. The method of claim 7 wherein the semi-finished shape 
is that of a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed v eneer, a-preformed 
maxillofacial prosthesis, a preformed orthodontic appliance, 
a preformed tooth facsimile, or a preformed tooth splint. 

20. The method of claim i l > w herein the first semi-finished 
shape is in the form of a dental crown. 

21 . The method of claim 8 wherein the semi-finished shape 
is that of a preformed crown, a preformed inlay, a preformed 
onlay, a preformed bridge, a preformed veneer, a-preformed 
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maxillofacial prosthesis, a preformed orthodontic appliance, 
a preformed tooth facsimile, or a preformed tooth splint. 

22. The method of claim 21 wherein the first semi-finished 
shape is in the form of a dental crown. 

23. The method of claim 5 wherein the crystalline resin 
component comprises a crystalline c< >mp< >und of the formula: 



25. The method of claim 15 wherein the crystalline resin 
component comprises a crystalline compound of the formula: 



o' 

r 1 



o 





wherein each Q independently comprises polyester seg- 
ments, polyamide segments, poly urethane segments, 
polyelher segments, or combinations thereof. 

24. The method of claim 9 wherein the crystalline resin 
component comprises a crystalline compound of the formula: 



r 1 



wherein each Q independently comprises polyester seg- 
ments, polyamide segments, polyurethane segments, 
polyelher segments, or combinations thereof, 
i 26. A method of using a prefonned dental impression tray, 
the method comprising: 

providing a preformed dental impression tray comprising a 
hardenable self-supporting structure comprising a com- 
position that includes a resin system, a filler system, and 
an initiator system, wherein the composition is in the 
form of a hardenable. self-supporting, malleable struc- 
ture having a first semi-finished shape, which is suffi- 
ciently malleable to be formed into a second shape at a 
temperature of about 15° C. to 38° C; 
i forming the self-supporting, malleable structure having a 
lirst semi-finished shape into a second shape custom fit 
a patient at a temperature of about 1 5° C. to 38° C; 




■ having the second 



wherein each Q independently comprises polyester seg- 
ments, polyamide segments, poly urethane segments, 
polyether segments, or combinations thereof. 



and 

hardening the self- 
shape to form a dental impression tray; 

wherein the term "self-supporting"" means that the compo- 
sition is dimensionally stable and will maintain its shape 
\\ ithout significant deformation at room temperature for 
at least about two weeks when free-standing and in the 
absence of conditions that activate the initiator system 
and in the absence of an external force other than gravity. 
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